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Buffalo, Queen City of the Lakes, extends a hearty 
greeting and a warm hand of friendship to the members 
of the American Water Works Association. 




















A richly historic city, still preserving original sites and 
relics of its earlier and more turbulent days, Buffalo is 
a beautiful city, too, proud of its proximity to the great 
Dominion of Canada and the awe-inspiring grandeur of | 
Niagara Falls. 
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Buffalo is the second largest railroad center in America 
and one of the ten largest ports in the world. Its industries 
are widely diversified, with the largest single hydro-electric 
development in 4 a States at its Goes,’ ate 
elevators piercing the skyline, airplane, rayon, rubber fac- | 

PITTSBURGH EQUITABLE METER CoO. tories, ere aie mmills. ray too, Buffalo ae well be proud | 
MERCO NORDSTROM VALVE CO. of its excellent water supply system and its efficient water | 
MAIN OFFICES PITTSBURGH, PA. department which serves this great industrial and domestic 

NEW YORK LOS ANGELES TULSA HOUSTON pop ulation. 


COLUMBIA KANSAS CITY CHICAGO PHILADELPHIA 


PITTSRURGH WATER METER 
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Installation of cast iron pipe for District of Columbia Sewage Disposal Plant 

















The reasons why cast iron pipe is so largely used for sewage disposal 
plants are equally forceful arguments for the use of cast iron pipe 
for sanitary sewers that enter such plants. Cast iron sewers are infiltra- 
tion-proof because they have permanently tight joints. The material 
itself is impermeable in addition to possessing great compressive 
| strength and effective resistance to corrosion. We carry large stocks of 


pipe and fittings at 15 shipping points throughout the United States. 


UNITED STATES PIPE AND FOUNDRY COMPANY 
BURLINGTON NEW JERSEY 


Foundries and Sales Offices throughout the United States 
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IRVEYyO 


THE Pneumatic Conveying System 


FOR - 
Lime - Soda ash - 
Bauxite - Borax - 
Alum - Ferric Sulphate 


LLUSTRATED on this page, a few Airveyor installations 

handling lime, soda ash, alum, ferric sulphate, the most 
efficient and economical system for unloading and convey- 
ing your granular materials. This system offers many ad- 
vantages and economies, some of which are: 


@ Savings by purchasing in bulk 

@ Minimum handling and storage cost 
@ One man operation 
@ 


Simple and inexpensive storage facilities; the Airveyor will 
recover from all types, open stock piles or enclosed steel 
bins 


First cost sufficiently low to warrant investment 


Maintenance requirements are negligible 


@ Simple plant layout; installation can be made without in- 
terrupting present operation 


@ Absolute cleanliness. 


Can’t we interest you in this modern method of con- 
veying? Fill in the coupon below and we will gladly send 
you detailed information. 


FULLER COMPANY 


CATASAUQUA, PENNSYLVANIA 


Chicago: 1118 Marquette Bldg. 
San Francisco: 320-321 Chancery Bldg. 





FULLER COMPANY 
CATASAUQUA, PA. 


Please send me literature on the Airveyor. 
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FULLER-KINYON, FLUXO, AND AIRVEYOR CONVEYING SYSTEMS ROTARY FEEDERS AND DISCHARGE GATES 


ROTARY AIR COMPRESSORS AND VACUUM PUMPS 


AUTOMATIC BATCH WEIGHERS BIN SIGNALS 
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SEWAGE TREATMENT EQUIPMENT 
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Modeled by E. C. Arink 


NUCHAR INSURES PALATABLE DRINKING WATER 


“The availability of a cheap powdered activated carbon opens wide the field for experimentation with 
its use in combating tastes and odors from water supplies in existing water purification plants.” 


@® How accurate was this forecast is 
evidenced by the events of the past six 
years. 


How widespread has been its applica- 
tion may be gained from our records 
indicating that AQUA NUCHAR has 
been furnished to over 1,000 water 
plants in 47 of the 48 States in the 
United States, and shipments have been 
made throughout the world. 


Great strides have been made in its 


Malcom Pirnie, Consulting Engineer, New York City, May, 1931, 
Annual Meeting American Water Works Ass’n, Pittsburgh, Penna. 


application for taste and odor removal 
and with few exceptions it has success- 
fully combated tastes and odors of 
most every origin. 


In a recent survey made of 137 Plants 





**Make your plans now to allend the 57th 
Annual Convention of the American Water 
Works Association, to be held June 7-11, 
1937, at the Hotel Statler, Buffalo, N.Y.” 





using AQUA NUCHAR we were ad- 
vised that approximately 52% are 
applying carbon continously. 


There has been a definite trend towards 
the furnishing of a palatable drinking 
water. 


Constant surveys made indicate that 
palatable drinking water through the 
use of Activated Carbon has been fur- 
nished at a cost of less than 5e per 
person, per annum. 


INDUSTRIAL CHEMICAL SALES 


DIVISION WEST VIRGINIA PULP AND PAPER COMPANY 


230 PARK AVE., NEW YORK, N. Y. 





417 SCHOFIELD BLDG., CLEVELAND, OHIO 
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205 W. WACKER DRIVE, CHICAGO, ILL. 











Koppers Divisions, Subsidiaries 
and Affiliates Serving the 
Waterworks and Sewerage Fields 


BARTLETT HAYWARD DIVISION 
i BALTIMORE, MD. 


TAR AND CHEMICAL DIVISION 
PITTSBURGH, PA. 


WESTERN GAS DIVISION 
FORT WAYNE, IND. 


AMERICAN HAMMERED 
PISTON RING DIVISION 
BALTIMORE, MD. 


THE KOPPERS COAL COMPANY 
PITTSBURGH, PA. 


NEW ENGLAND COAL & COKE COMPANY 
BOSTON, MASS. 


THE WOOD PRESERVING CORPORATION 
PITTSBURGH, PA. 


NATIONAL LUMBER AND 
CREOSOTING COMPANY 
TEXARKANA, ARK. 


| THE WHITE TAR COMPANY 
i OF NEW JERSEY, INC. 
| KEARNY, N. J. 


THE MARYLAND DRYDOCK COMPANY 
BALTIMORE, MD. 


KOPPERS PRODUCTS 
Coal -« Coal Tar Roofing «+ Creosote 
Dampproofing «+ Disinfectants 
Fast’s Couplings + Fire Hydrants 
Gas Holders - Insecticides - Pipe 
Piston Rings - Sewage Disposal Equipment 
Signal Buoys + Sluice Gates - Tanks 
t! Tarmac Road Tars + Treated Timber 
Waterproofing - Waterworks Gate Valves 

{ Weed Killers 
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VALVES AND STANDS 
FOR THE WATER WORKS 


Specializing for years in the design and manu- 
facture of equipment for the Water Works 
Field, Western Gas Division offers a compre- 
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Installing a 60" Western Standard gate valve for the 
Cincinnati Water Works, Cincinnati, Ohio. Due to 
the design, Western Standard Gate valves may be 
installed and operated in any position. The advan- 
tages of this latitude are apparent in the picture. 


Motor (universal electric) operated Floor Stand for 
rising stem sluice gate... one of the many types 
made by Western Gas. 
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AND SEWERAGE FIELDS 


hensive line of products to meet ordinary 
needs, has the engineering background to 
efficiently solve extra-ordinary problems. 
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The Standard Type A Water 
works Gate Valve operates with” 
a positive dual-movement, — 
which eliminates many com. 
mon difficulties. In the first 7 
stage of valve opening, the 
symetrically dished doublediscs © 
move toward each other, and 
away from their respective seats.. 
In the second stage, the discs © 


move upward, out of the water- 


way. In closing the process is ~ 
reversed. This eliminates rub- 7 
bing and wear on faces. Discs ~ 
are free to rotate, and are flanged © 
to roll on tracks. Thus valve © 
can be operated in any position 
without the addition of the usual © 


track rollers and scrapers. 





KOPPERS COMPANY 


Western Gas Division . .. Fort Wayne, Indiana 











BRONZE STEM FORGING INSURANCE 


To insure perfect forgings, continuous and 
painstaking metallurgical and thermal con- 
trol under one single responsibility is essen- 
tial. Otherwise forging may be done above 
or below the extremely narrow critical tem- 
perature range, and result in laminations, 
seams or checks—often invisible, but con- 
stituting a definite hazard. Bartlett Hayward 
Division insures perfection by carrying on 
every operation—from alloying and billet 
manufacture, through casting or forging to 
final rough-turned or completely machined 
stems—under one roof, and under unified 
supervision. Results are apparent wherever 
Bartlett Hayward valve stems are in use. 
You'll be pleased with the promptness of 
quotations and deliveries. 








| Stems, 4" dia. x 22'9" 
long. B-H Forged Man- 
ganese Bronze—K-B 30 
Alloy. 
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Forged D-H-S #2 Bronze 
Rough Forged and Machined 
Stems. Part of order for 18” 
Bronze By-Pass Valves, Fort 
Peck Dam. 


KOPPERS COMPANY 


Bartlett Hayward Division . .. . Baltimore, Md. 
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60" manually opereted 
valve, city and county 
of Denver. 


| Fluid CONTROL ® 


The Cone Type of Valve featured here- 


with, the widely used ROTOVALVE, is 
designed with many inherent advantages 


and has a definite place in the field of fuid 


control. Built in standard sizes from 6” to 


48” and in special sizes of 54” and larger, 


with hydraulic, motor or manual operation. 


Rotovalves are neat, compact, with monel 
metal seat rings and 3-bearing mounting of 
plug. Full Alemite lubrication. All working 
parts can be removed with pressure on valve. 


APPLICATIONS: Automatic Check— | 
Pressure Regulating— Pressure Relief— 
Electric Control Altitude—Hydraulic Stop 
—Manual Stop—Float and Blow-Of— 
: Free Discharge-—Synchronous Relief. 
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S. MORGAN SMITH COMPANY © fans. 









PN Rep qi: 


REG.U.S. PAT. OFF 


BRAND 
POROUS MEDIUMS 


in the water 
treatment 


field ! 
















The new RSF Porous Plate Underdrain system 

with channels for rapid sand filters. Then 
there are plain porous underdrain plates of simi- 
lar special coarse structure for use as a false 
bottom in filters of either pressure or gravity type. 


















9 Diffuser Plates and Tubes for aeration of water 

and mixing of chemicals. Proved by experi- 
ence in many cities as an economical and effective 
method of accomplishing such objectives. 





3 Diffuser Tubes for recarbonation chambers. 

The most efficient way to introduce clean CO, 
into water. Practiced successfully at Beverly Hills, 
California and elsewhere. 


4 Filter Tubes for direct filtration of industrial 
water supply. 


Write for technical literature and submit your water 
treatment problem to our Sanitary and Filtration 
Department. 





(Carborundum and Aloxite are registered trade-marks of The Carborundum Co.) 


THE CARBORUNDUM COMPANY 


a REG. U. &. PAT. OFF, 


Niagara Falls, N. Y. 


Sales Offices and Warehouses in New York, Chicago, Boston, Philadelphia, Cleveland, Detroit, Cincinnati, Pittsburgh, Grand Rapids 
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COLL 


Another series of races will soon be sailed for the America’s Cup. In the 









long history for the defense of this premier yachting trophy there have 
been two yachts named Columbia. Back in 1871 the center-board schooner 
Columbia took two races from the British challenger Livonia. She won 


because she was the faster boat in the prevailing weather conditions, 
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Schooner Yacht Columbia off Sandy Hook, October, 1871 





in business as in yachting de- COLUMBIA 
pends in large measure on the LIQUID CHLORINE 
selection of materials that best — (in Single and Multiple Unit Tank Cars, 


100 and 150 Ib. Cylinders.) 


+ existi ditions. THE COLUMBIA ALKALI 
pil ges. Rianne ' ~~ Other COLUMBIA Products 
CORPORATION has been signally successful in supplying SODA ASH 
products developed, packaged and serviced to meet CAUSTIC SODA 
customers’ individual requirements and convenience. SODIUM BICARBONATE 


MODIFIED SODAS 


Send for new folder on COLUMBIA Liquid Chlorine CALCIUM CHLORIDE 
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DREADNAUGHT QUALITY 
and WwoOl R MANSHIP 


in every VALVE & HYDRANT 


Alkeak will sink a battleship—lt will 
also sink your profits through ex- 
cessive pumping costs, maintenance 
expense and interrupted service — 
Guard against these enemies by using 
M & H Fire Hydrants and Valves. They 
are desiqned and built for your protec- 
tion and are dependable in normal 
service as well as all emergencies. 


M & H waterworks products are thor- 
oughly in accord with and exceed 
A.W.W.A. specifications and further- 
more, they are approved and listed by 
the National Board of Fire Underwrit- 
ers as well as Associated Factory Mu- 
tual Fire Insurance Companies for Fire 
Protection Installations. 
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AND NOW 
TRANSIT SEWER 


po----------- 


a 
INSTALLING TRANSITE Sewer Pipe on I 
a typical collecting system. Easily, 

quickly laid to exact grades, this dura- | 
ble, highly corrosion-resistant pipe | 
answers every demand of economical, 

effective sewerage service. | 
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FTER THREE 
| YEARS’ TESTING 


Accelerated laboratory tests 
«».3 years of field service 
under a wide range of severe 
conditions ... have already 
proved that in this newly 
announced asbestos-cement 
product, Johns-Manville of- 
fers a sewage carrier whose 
advantages assure lower 


installation, operating and 
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Y combining in one material all the requirements demanded 

by effective sewerage service, Transite Sewer Pipe immedi- 
ately takes its place as a new and important factor in the eco- 
nomical, efficient disposal of sewage. 


Like Transite Pressure Pipe, this newly announced product 
is formed of asbestos and cement into a dense, smooth-surfaced, 
homogeneous structure. A composition with unusual resistance 
to corrosion and a time-established record for durability. 


Great in strength, Transite Sewer 
Pipe is light in weight . . . more 
economical to transport and han- 
dle. Moreover, Transite Sewer 
Pipe is furnished in 13-foot sec- 
tions. Long lengths that consider- 
ably reduce the number of joints 
used . . . and consequently, the 
cost of installation. 

On collecting systems, particu- 
larly, these long lengths make 
installations of Transite Pipe to 
exact grades a quicker, cheaper 
and more accurate job. 


SEWER PIPE 





A careful consideration of these 
facts leads to one conclusion . . . 
now there is a modern sewer pipe, 
for both force and collection 
mains, that offers all the advan- 
tages necessary to economical in- 
stallation and continued effective- 
ness in service. 


The manufacturing, installation 
and service story in complete de- 
tail will undoubtedly interest you. 
For full information on Transite 
Sewer Pipe, write Johns-Manville, 
22 E. 40th Street, New York City. 


maintenance costs 
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3 
ASBESTOS-CEMENT Transite Sewer Pipe used 
as a force-main on a sewerage system. Light in 
weight and long in length, Transite Sewer Pipe 
can be installed with notable speed and econ- 
omy. Here, Simplex Couplings are used to 
assure bottle-tight joints. 


AN ASBESTOS 
PRODUCT 
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SEWAGE, TRADE WASTES OR WATER TREATMENT 





















Rex Traveling Water Screens forscreen- 
ing of intake water in waterworks and 
power plants. 
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Rex Conveyor Sludge Collectors for 
primary and secondary tanks in sewage 
disposal plants. 














Rex Plunger Sludge Pumps, single and 
double cylinder models for handling 
sludge of all types. 











Rex Mechanically Cleaned Bar Screen 
for removal of debris from raw sewage. 
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The Rex Triturator thoroughly disintegrates sew- 
age screenings so that they can be returned to 


the sewage and handled as primary tank sludge. P 


Rex Tow-Bro Sludge Remover, an ad- 
vanced type of sludge remover for 
secondary tanks, either round or 
rectangular. 











Rex V- Bucket Grit Collectors and 
Washer for collection of detritus and 
cleaning it prior to disposal. 





Rex Conveyor Sludge Collectors for re- 
moving sludge and silt in water treat- 


ment plants. 





Rex Belt Conveyors and Elevators for 
handling screenings, dried sludge, grit 
and chemicals. 


When designing a new plant or modernizing an old one investigate Rex sanitation equipment. Specialized catalogs are avail- 
able at our nearest branch office or from our Sanitation Equipment Division, 1610 W. Bruce St., oe Wisconsin. 


CHAIN BELT COMPANY | 


of MILWAUKEE 





kes 
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COLUMBIAN LINE OF 


SLUICE GATES 
FLOOR STANDS 
GATE fO/STS 
SHEAR GATES 
FLAP VALVES 
MUD VALVES 


Mueller-Columbian Water Control Equipment is noted for its enduring strength 
and unfailing performance because of the simplified design and perfected manufactur- 
ing methods. Each piece of equipment is carefully made to exacting standards and 
checked and tested at the factory to insure easy operation and trouble-free operation 
when installed. 

Not only does Mueller-Columbian fill regular requirements, but an engineering depart- 
ment is at your disposal to assist in the solution of any special problem and to recom- 
mend and provide the RIGHT equipment to do the job. Get in touch with Mueller-Colum- 
bian on your next water control project. Quotations and detailed information will be glad- 
ly furnished upon request. anes 

ueller Co., Dept. ABCD 


Mueller Co., Chatia., Tenn, ek a 


Kindly send me your new A-300 Catalog qd 
Water Control Equipment. 
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Here’s Sconething lo Show 


for relief funds! 
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Typical section of Atlanta’snew concrete pipe sewers. A well-engineered and well-constructed 
job with excellent alignments and uniform gradients throughout. Pipe is carefully bedded 
and back-filled; joints made with portland cement mortar to minimize infiltration. Work was 
executed by Works Progress Administration of Georgia, District No. 5, in cooperation with 
Clarke Donaldson, chief of construction and W. A. ansell, assistant chief of construction 
in charge of sewers for City of Atlanta. 


34 MILES 


OF ENDURING 


CONCRETE PIPE 

ADDED TO ATLANTA'S 

SANITARY AND STORM 
SEWER SYSTEM 


Atlanta's 7-million-dollar program, including 
new sewage treatment plants, new sanitary and 
storm sewers, extensions and outlets, is now 
nearing completion. 34 miles of concrete pipe 
ranging in size from 8 in. to 102 in. has already 
been placed under various WPA and FERA 
projects. 

Atlanta joins the Sanitary District of Chicago, 
Louisville, Detroit, Minneapolis and many other 
cities which rely on concrete for their sewers. 
Concrete pipe, like monolithic concrete, has 
proved its merits for a wide range of sewer 
types, sizes and conditions. It is strong and 
durable. Minimizes infiltration and leakage. Is 
moderate in cost and serves with little main- 
tenance. 

Whether your sewers are 12 ft. in diameter or 
a few inches, build them of concrete and be sure! 

Write for pipe bulletins on jacking concrete 
pipe, building pipe sewers in open cut, pipe 
in tunnel, subaqueous methods, and standard 
specifications of the A.S.T.M. 


PORTLAND CEMENT ASSOCIATION : 
Dept. 5-29, 33 W. Grand Ave., Chicago, III. 


Please send me concrete pipe bulletins 9 to 14. 


Name 
Position 


Address 
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WATER WORKS 
SERVICE 


On the occasion of the 1937 American Water Works Association 
Annual Meeting, The Ludlow Valve Mfg. Company extends a cordial 
greeting to its thousands of friends. 


MITOTIC tad Lo 


ddabbatgtes 44.44.44 

















Ever since Ludlow originated the double disc gate valve many years 
ago, it has been constantly improving materials, methods and equipment 
for the better service of the water works industry. Its accumulated expe- - 

i d the technical knowledge of Ludlow engineers are freel ee ee ee ee ere 
ace Gn 2 g g Y sturdy construction — absence of com- 
offered to Association members toward the solution of their problems. plicated working parts. 


Ludlow has cooperated closely with the A. W. W. A. since the Asso- 
ciation was formed 57 years ago. It pledges itself once again to con- 
tinue this friendly and mutually beneficial relationship. 


This cutaway illustrates the basic de- 


All Ludlow water works valves conform 
rigidly to A. W. W. A. specifications. 9 


“I UDLOWi MFG.CO. i il 
TROY, N.Y. ft) 
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EBG MAKES A CLEAN GETAWAY...WASHED AND DRIED WITH STEAM...When a cylinder is 
returned to EBG it 1s inverted on a special machine and the inside is scoured clean as a surgeon ’s mstrument. It is then 


steamed ... air-dried... inspected with a special light. The valve is reconditioned, tested for perfect operation. From top -to- 





bottom, inside and out, EBG containers are sub- 

t : , , 

jected to a stern system of cleaning, inspecting 
and reconditioning. This, is the way we make 


sure that EBG Liguid Chlorine is pure and makes 


a “clean getaway” from our plant to yours. 


ELECTRO BLEACHING GAS COMPANY 
Main Office : 60 East 42nd Street, New York, N. Y. 
Plant: Niagara Falls, N. Y. 
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RUN THIS TEST 
ON PETRI DISHES 





BRAND 


Prruars, in your culture work, you have noticed but little visible 
difference in Petri Dishes. You may have even thought they were all 
alike. Sooner or later, however, the difference becomes apparent, 
frequently at a time when it is most annoying and inconvenient. 


Here is a test you can run in your own laboratory, if you wish. It will 
prove conclusively that while there is small difference in cost there is a 
vast difference in the quality of Petri Dishes. 


Take several Petri Dishes—one of them “PYREX” Brand Ware. 
Subject them to from 15 pounds to 50 pounds steam pressure in your 
sterilizer for 120 hours or longer. At the end of the test, remove and 
inspect them, and determine the loss in weight. 


The “PYREX” dish will have lost less weight. It will be clear, 
transparent, unclouded, permitting unhampered examination of the 
growing culture. 


The comparatively small loss in weight of ““PYREX™” dishes, even 
under these accelerated test conditions, indicates definitely that the 
pH of the culture will not be appreciably changed by glass solubility. 


This test will demonstrate to you, once and for all, the ability of a 
“PYREX” Petri Dish to withstand repeated sterilization, frequent 
washings—hard usage. Its exclusive beaded edge gives it unparalleled 
mechanical strength. You already know of its superior heat-resistant 
qualities. 

Run this destructive, yet con- 
structive test. Convince yourself 
that it pays to specify “PYREX” 
Brand Petri Dishes. 


Only 38c per pair; substantially 


lower prices in quantity purchases. 
“PYREX” is a registered trade-mark 
and indicates manufacture by 


CORNING GLASS WORKS 
Corning, New York 


LABORATORY GLASSWARE 
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“WERE REPLACING 67-YEAR-OLD HYDRANTS WITH 


Mathews Madeenized Baceels 


AND WE’RE DOING NO DIGGING” 





















HIS superintendent has a real money-saver. He’s getting new 

hydrants practically without installation cost. Steamer nozzles, 
revolving head, and all new working parts. His original Mathews 
Hydrants gave 67 years of dependable service and he’ll get even 
more from these. One more reason for specifying Mathews. Modern- 
ized Mathews Barrels completely renew every working part of a 
Mathews Hydrant. They cost less to buy than complete hydrants. 


You can set them in 15 minutes without digging. Write for prices. 


The elbow at the bottom of the Mathews Hydrant is threaded. It 
lets you unscrew the entire barrel and lift it out through the loose 
protection case. No digging necessary for modernization, accident 
repair, occasional overhaul and grade changes. 


a 
R.D.WOOD CO, 285502222 HRs 


castin sand molds, jand 


400 Chestnut St., Philadelphia, Pa. ise. more eet ye Sty sat 
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THERE IS 


VIONEY. 


IN YOUR SLUDGE 


Machines made in four sizes— 
either belt, gasoline engine or 
electric drive. 


USING THE 
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ROYER DISINTEGRATOR 


A Royer Disintegrator Will Pay for Itself 


The Royer Sludge Disintegrator will rapidly and 
economically shred sludge containing from 30 to 60 
per cent moisture into fine particles at a cost of thirty 
cents or less per cubic yard. The smallest size dis- 
integrator will shred 2 cubic yards per hour using a 
% H. P. motor. Operating costs are therefore very 
low, as also are maintenance and repair costs. 


Numerous instances can be cited from the records 
showing that purchasers of ground sludge find the 


material valuable for lawns or gardens. As one 
superintendent of a large sewage plant expressed it, 
“They come back for more.” 


In many instances the cheap supply of compost 
for municipal parks, lawns and gardens will soon 
pay for the disintegrator. 


Let us send you details of the machine and inter- 
esting information on the value of Disintegrated 
sludge as a fertilizing compost. 


ROYER FOUNDRY & MACHINE CO. 


158 Pringle St. 
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Cc. G. WIGLEY, Sole Rep. 
3108 Atlantic Ave., Atlantic City, N. J. 


Kingston, Pa. 
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RULY, the Clark Rheosiat has been 

given a new personality. ... Hand- 
some, some have exclaimed. Note the 
newly conceived steel cover—stream- 
lined, you might say. Rich black with 
black Bakelite handle and contrasting 
red indicator easily read... Rugged? 
Look at that husky shaft—at the diame- 
ter of it. Notice the long bearing built 
to “take it". Strength and long life? De- 
cidedly ... Accessible. Individual resistor 
grids are easily replaced and other re- 
pairs made....All dressed up is this 
Clark Rheostat—and destined, we be- 
lieve, to go somewhere. How about 
making a visit to your plant very soon? 


1146 EAST 


52nd STREET . 


cd 


" ‘THE CLARK CONTROLLER COMPANY 


CLEVELAND, OHIO 





ASSURES BETT 


@ You may have tough jobs... but no matter how tough 
they are POZZOLITH will make them EASY! For POZZO- 
LITH assures better concrete . . . better in all the features 
that assure faster construction schedules, greater oper- 
ating efficiency and economy, and the finest possible 
standard of finished water-works and sewerage jobs! 


POZZOLITH alone can give these 6-fold advantages to 
all types of concrete mixes: 

1, Materially reduces water-cement ratio ... yet makes con- 

crete more plastic, more cohesive. 

. Reduces time-and-labor factor in placing concrete. 

. Checks destructive “bleeding” and “leaching.” 

. Assures denser, more watertight concrete. 

. Develops highly desirable pozzolanic activity. 

. Increases life of concrete. 
POZZOLITH features can be proved to you...simply, 
quickly and convincingly ... by an experienced Master 


Builders man. Investigate! 


THE MASTER BUILDERS COMPANY - CLEVELAND, OHIO 


In Canada: The Master Builders Co., Ltd., Toronto, Ontario 


Water Works and Sewerage—May, 1937 


L ) L 
. 


~ south Mountain Reservoir at 
Allentown, Pa., Offers Typical Proof! 


(Job illustrated above) 
Engineer—MORRIS-KNOWLES, INC.—PITTSBURGH, PA. 
Contractor—M. A. LONG CO.—ALLENTOWN, PA. 
Morris-Knowles, Incorporated, says: 

“We have used POZZOLITH in the concrete 
mix on several projects and find that it was pos- 
sible to materially decrease the volume of water 
required to produce a placeable mix.” 





No‘ethe clean, 
sharp threads 
made on the 
job with 
standard 
tools. 


SEWAGE DISPOSAL PLANTS 


need this 


(above) Welding Arco Cast Pipe in a large sewage disposal plant. 


EASY TO INSTALL 


...it cuts, threads and welds 


CLEAN with standard tools 


Strike at corrosion when 
you install piping in sew- 
age disposal plants. Use 
super-resistant Arco Cast 
Iron Pipe for heating coils in sludge diges- 
tion tanks, water lines in activated tanks, 
and air lines and gas lines to gas collectors. 

Wherever corrosion is a factor, Arco 
Cast Pipe has a successful record. Many 
industrial plants piping such destructive 
liquids as hydrocyanic acid, ammonia, bi- 
chloride of mercury, and caustic soda have 
found Arco Cast Pipe thoroughly satis- 
factory. 

Arco Cast Pipe is easy to install — right 
on the job. It cuts and threads with stand- 
ard tools — welds smoothly. Because every 
step of its manufacture is carefully super- 


ARCO ic: PIPE 


vised this pipe is free from common defects. 
It is furnished in sizes 11” to 12”. Sizes 
up to 6” run 6’, 12’, and 18’ lengths. Other 
lengths may be obtained on special order. 
Either or both ends may be plain, threaded 
one end or both ends, tapped bell, grooved 
for special couplings, or beveled for weld- 
ing smoothly on the job. 

Remember Arco Cast Pipe for your next 
sewage disposal job. Make it your standard 
specification for long-life efficiency. 


ARCO PIPE & FITTINGS DIVISION 
AMERICAN RADIATOR COMPANY 


pivision OF AMERICAN RADIATOR & STANDARD SANITARY (CORPORATION 
40 West 40th Street, New York, N. Y. 








Mail this coupon today 
for the Arco Cast Iron Pipe Manual. 





Arco Pipe & Fittings Division 
AMERICAN RADIATOR COMPANY 
40 West 40th Street, New York, N. Y. 


I am interested in Cast Iron Pipe. Send 
me your Arco Cast Iron Pipe Manual. 


Name 





Firm Name 
Address 
City. 
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WRITE FOR OUR BOOKLET, “THE ANSWER TO YOUR WATER LEAK PROBLEMS.” 
VISIT OUR EXHIBIT AT BUFFALO CONVENTION, JUNE 7-IITH. 


WATER LEAK DETECTOR CO. co. 
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@No human eye has ever seen the 
stresses which pressure sets up in 
valves. No human eye has ever ob- 
served the action of such stresses—until 
their physical effects became visible. 


But Crane—in its unending search 
for valve perfection—is not content to 
work out stresses by mathematical for- 
mulae. With the magic of black mir- 
rors and polarized light, stress pat- 
terns reveal themselves as “shadows” 
in transparent model sections of 
valves. And so Crane “sees” the unsee- 
able, that Crane valves may prove su- 
perior to every condition of service. 


Since 1890, Crane has been con- 
tinually making exhaustive tests on 
metals and alloys. Pioneering in met- 
allurgical research has shown Crane 
what combinations of metal and de- 
sign will do your job better. That is 
why standard Crane valves are so 
often the right answer to what seems 
to be “new” valve problems. 


Look in your new Crane No. 52 
Catalog for the details of 38,000 items 
and dimensions tested in the laboratory 
and proved on the job. Use it when you 
need valves, fittings, pipe or accesso- 
ries. CranEquip for satisfaction. 


SEE OUR EXHIBIT AT THE AMERICAN WATERWORKS ASSOCIATION CONVENTION, 
; BUFFALO, NEW YORK, JUNE 7-12. 


iCRANE: 


Ss 
CRANE CO., GENERAL OFFICES: 836 SOUTH MICHIGAN AVENUE, CHICAGO, ILLINOI 
Branches and Sales Offices in One Hundred and Sixty Cities 


VALVES, FITTINGS, FABRICATED PIPE, 


PUMPS, 


PLUMBING AND HEATING MATERIAL 


plied in the next few days. © | 


CIMEETING SPECIFICATIONS. | 
( SPECAL CONDON 


ery 


BUFFALO, N. Y., April 14— 


d | Whether you need valves that com- 
00 |ply with A. W. W. A. specifications 


te 


or valves that are designed to resist 
corrosive action, Crane can furnish 
them. Power operation using electric 
drive, hydraulic cylinders or air mo- 
tors can be furnished where remote 
control is desirable. 


There are approximately 38,000 
items in the Crane line of piping 


~ jequipment. Among that vast num- 


ber, there are items that fit almost 
every requirement you have. Also 


q|important to water and sewer de- 
q|partment officials is the fact that a 


CranEquipment is served by a na- 
tionwide system of Crane branches 


¢jand distributors that places com- 


monly used Crane products practi- 
cally on your doorstep. 


On Pages 119-125, inclusive, of your 


descriptions of Crane sluice gates and 


, |operating mechanisms. Also suggest- 


m 
le |Crane No. 52 Catalog you will find a 
] 


ed typical installations. Use your 
No. 52 Catalog as an office aid on 
your piping problems as well as a 
source for high-quality piping equip- 
ment. You will find it valuable for f 
both functions, 





| 
| 


| 


| 
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HETHER the job be protection of oil 

transportation lines, water storage tanks 
or water conduits—Reilly Coal Tar Enamel 
is inherently qualified to give permanent 
protection. 

As an outside coating for steel pipe—it gives 
unequaled resistance against electrolysis and 
corrosion of soil acids and alkalis—and as an 
inside lining for water conduits—tanks—or 
service mains, prevents corrosion—tubercula- 


tion—and gives maximum flow at all times— 


eliminating expensive cleaning operations. 
Reilly Enamel is rigidly held to most exacting 
specifications and when properly applied cannot 
be stripped from steel and will not sag at 
temperatures approaching 200° F.—will not 


crack, peel or check when 










subjected to temperatures as 
low as minus 20° F. Consult 
Reilly for Pipe Line Protection 
—our serviee and facilities are 


yours to command. 


PRO DUCTS 


REILLY TAR & CHEMICAL CORPORATION 


Executive Offices: 
2513 S. DAMEN AVENUE, CHICAGO, ILLINOIS 


oe ts EEN PLANTS 
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500 FIFTH AVENUE, NEW YORK, N. Y. 


Merchants Bank Building, Indianapolis, Indiana 


ST. LOUIS PARK, MINNEAPOLIS, MINN. 


TO SERVE YOU 

















LINK-BELT 


’ STRAIGHTLINE 
EQUIPMENT 











For Positive aE LES and High Efficiency 








BAR SCREENS 
GRIT CHAMBER EQUIPMENT 


SLUDGE COLLECTORS 


(mes amc) aiest-taram-telemeatel-Vmec-lei(-belesell-Vamn (tel <3) 


CIRCULINE COLLECTORS 


(For center-feed round tanks) 








MIXING EQUIPMENT 
- (ROTARY AND AIR) 


FINE SCREENS 


VOLUMETRIC CONTROL 
FOR SEWAGE and SLUDGE PUMPS 





(ir 
IS{-seo I (oy ak O17) (ole, aE Address Nearest Office 


LINK-BELT COMPANY 
Philadelphia OF ob ler-t240) | Fevebr-ver-ele) brs Los Angeles Atlanta 
Offices in Principal Cities 

















Water Works and Sewerage—May, 1937 











These photographs, showing Acipco cast iron pipe and fittings being installed 
in the recently completed addition to the great Bachman Filter Plant, Dallas, 
Tex., illustrate Acipco's complete manufacturing facilities and experienced 
service—both of which have proven themselves extremely helpful in countless 
water works and sewerage projects throughout the United States and in foreign 
countries. For detailed literature address Acipco office nearest you. 


AMERICAN CAST IRON PIPE CO.., pspimmincuam ara. 


New York City Chicago Kansas City Minneapolis 
Cleveland Pittsburgh Dallas Los Angeles San Francisco 
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RATE CONTROLLERS SIMPLEX 
LEADS 


FILTER GAUGES AGAIN! 


VENTURI TYPE METERS 








In 1910 SIMPLEX offered the first direct acting balanced valve rate 
controller—for years accepted by discerning water works men as 












a standard. 
Now—SIMPLEX again offers the 


FIRST—Rate Controller for installation in a vertical 
line. 


FIRST—Sand Expansion Indicator and Recorder. 


FIRST—Air Operated Filter Gauges. 





FIRST—Meter actuated by pump casing taps. 


FIRST—Summation Recorder showing total flow 
thru entire battery of filters. 


See our exhibit 
Buffalo Convention 


A.W.W.A. 


SIMPLEX VALVE & METER CO. 


6743 UPLAND STREET e PHILADELPHIA, PA. 
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Oy forty years of specialized 
effort in serving the consult- 
ing engineer and municipality with 
sewage treatment equipment—forty 
years of doing one thing well—is 
represented in each item of equip- 
ment of the P. F. T. Line of today. 

That we have done our work well 
and reaped the reward of merit and 
confidence is witnessed by the thou- 
sands of P. F. T. installations in the 
field—Floating Cover Digesters— 
Rotary Distributors—Sprinkling Fil- 
ter Plants—Flame Traps—Twin Tank 
Controls—Alternating Siphons— 
Waste Gas Burners—and many 
other accessory equipments. 

Consider the value to you of 
using time tested, universally ap- 
proved P. F. T. Sewage Treatment 
Equipment in your plant. 

May we furnish you with bul- 
letins on any or all of the P. F. T. 
Line of specialized Sewage Treat- 
ment Equipment? 


PACIFIC FLUSH-TANK CO. FLAME TRAPS 


4241 Ravenswood Ave., Chicago, III. 
NEW YORK LOS ANGELES CHARLOTTE, N. C, 





ALTERNATING SIPHONS TWIN TANK CONTROLS SPRINKLING FILTER PLANTS 
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More than five billions of dollars are invested in the 
nation’s water works facilities . . . to provide for an 
average daily per capita consumption of water in 
the United States of 100 gallons. 

And 71% of the most important systems have pur- 
chased Badger Meters for their known dependability 
and economy of performance. Such amazing major- 
ity of acceptance of Badger Meters has been won be- 
cause Badger Meters deliver service. They take little 
“time out” for inspection and repairs ...they empha- 
size economy of operation... they produce maximum 
revenue by accurate operation. The smallest trickle 


OF THE WATER WORKS 
OF THE Mniled Slales 


ARE USERS OF 


BADGER METERS 


or maximum capacity flow is faithfully recorded by 
Badger Disc Meters... which have the largest capaci- 
ties, size for size, with the least absorption of pressure. 


Badger Meters on your lines assure Durability ... 
Large Capacity... Extreme Accuracy ...Minimum 
Maintenance ... Low Pressure Absorption. 


BADGER METER MFG. COMPANY, MILWAUKEE, WIS. 


Branch Offices: New York City - Tampa, Fla. - Seattle, Wash. 
Savannah, Ga. «+ Kansas City, Mo. - Marshalltown, Iowa - Los 
Angeles, Calif. - Chicago, Ill. -Waco, Texas - Philadelphia, Pa. 
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— WE DID... Zake aLook! 


| eas 


Here is the world’s cheapest way to pump water 
... modern Cooper-Bessemer Diesels, driving 
electric generators! 


This is but one of the power services where the 

ECONOMY of Cooper-Bessemer Diesels is attract- 

ing nationwide attention. In your case, for in- 

4 CITY OF OGDEN, IOWA — Water stance, would you be satisfied with a power-cost 
= plant contains three Cooper-Besse- 


cunts Teer Git Disadhdeie ete, reduction of 60 to 70%? We suggest that you 


gage dibeccepiane ay pial call in the Cooper-Bessemer representative. 
ot 400 r.p.m. And a “six,” rated 


250 H. P. at 400 ©. p.m. 
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e.$, GILLETTE, Publisher 


ARTICLES AND 
AUTHORS Scheduled 


for Future Issues 


“The Filtration Plant of Hammond, 
Indiana” will be described in our June 
issue, in a long delayed article from 
Leo "Besozzi, Supervising Engineer, of 
Hammond’s Water Department. The 
novel and unique features incorporated 
in the design of Hammond’s new plant 
are set forth and commented upon, 
pased upon operating experiences and 
plant performances. (This article which 
has been scheduled for sometime has 
peen unavoidably held out of this issue 
at the last minute, for which our apolo- 
gies to the author and our readers.— 


Ed.) 





“The Combination Sewage Works of 
Cedar Rapids, lIowa.’’—Represents the 
first development of consequence, in- 
volving a cooperative effort, wherein the 
taxing municipality provides industrial 
waste treatment in a separate chemical 
pre-treatment plant along side of, and 
delivering effluent to be ‘‘finished off’’ in, 
its domestic biological treatment works. 
In his article, briefly describing the pio- 
neering combination works, which serve 
jointly the industrial and private tax- 
payer, Howard R. Green, Cedar Rapids’ 
consulting engineer, discusses the good 
and bad features of the project. His an- 
alysis is amplified with operating experi- 
ences, experimental findings, and plant 
performance during the first year of 
operation. This is to be the initial article 
on an important project, justifying ‘‘fol- 
lower” articles dealing with integral 
considerations of this new venture in 
municipal service to industry, on an 
equitable cost basis. 





“The Magnetite Filter in Sewage and 
Water Treatment’—is a _ contribution 
from Samuel I. Zack, Sanitary Engineer, 
Filtration Equipment Corporation. It 
describes the interesting features of those 
novel self-cleansing magnetite filters, 
their performance records, utility and 
economy features in plants equipped; re- 
cent developments, involving introduction 
of the down-flow type with finer grained 
crushed magnetite as the filtering 
medium. Specifications on the newest 
units going into the sizeable Atlanta and 
Denver works, and the Minneapolis-St. 
Paul plant, are set forth. Preliminary 
results from a water works experimental 
installation, (described in our last issue 
by Harry U. Fuller as “The Algae 
Strainer’), are also briefly presented. 





Those who read the articles in the 
Reference and Data Section of this issue, 
dealing with ‘Meter Testing, Repair 
and Maintenance” will need no urge to 
watch for the forthcoming contribution 
by Clem A, Gallagher, Louisville’s Su- 
perintendent of Services and Meters, on 
the “Maintenance of Water Meters.” It 
constitutes a sequel to his earlier con- 
tribution found in the Reference and 
Data Section of this issue. 





“Water Loss and Leakage Control’ is 
a contribution from Johannesburg, South 
Africa. Mr. M. Udwin, Rand Water 
Board’s Chief Engineer, relates their ex- 
periences with leakage control and tells 
how it has been possible to reduce un- 
accounted for water (water loss) to the 
extraordinary low figure of 1.34 per 
cent. More remarkable, is the fact, that 
this becomes a sustained efficiency in the 
operation of Mr. Udwin’s distribution 
system. It would appear that America 
nat something to learn from the Trans- 
vaal, 
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RIDIRONED by subways that thread their way 
through a crowded maze of conduits, the City 
of New York is a tough testing ground for pipe. With 
4610 miles of cast iron pipe in the water distribution 
system, some of it in continuous service for more 
than a century, New York has had long and large 
experience with cast iron pipe. Much of this pipe is 
meeting conditions of traffic, above and underground, 
and population congestion, undreamed-of when it 
was laid generations ago. New York’s verdict is this: 
her water distribution system is 98.3% cast iron pipe. 
More than 95% of the water distribution systems of 
our 15 largest cities consists of cast iron pipe. Cast 
iron is the standard material for water mains. Its 
useful life is more than a century because of its ef- 
fective resistance to rust. It is the one ferrous metal 
pipe for water and gas mains, and for sewer con- 
struction, that will not disintegrate from rust. 
Available in diameters from 1% to 84 inches. For 
further information, address The Cast Iron Pipe 
Research Association, Thos. F. Wolfe, Research En- aig Nee 
¥ slits F imag Section of old cast iron water main laid in 
gineer, 1013 Peoples Gas Building, Chicago, Illinois. New York 106 years ago, and still serving. 


CAST IRON PIPE 


The Standard Material Jor Underground Mains 


Teasiuaaa 246. 
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RECENT BETTERMENTS TO BUFFALO'S 


DISTRIBUTION SYSTEM 


By ALAN D. DRAKE and WILLIAM J. KELLY 


Director of Water 


Gen'l Supt. Distribution 


Buffalo, New York 


tributing water and the trends that made these 

changes desirable, if not mandatory, may be better 
understood if a cursory look at the historical background 
of the system is taken. 

Buffalo obtained its water system, on which there was 
an 11,000,000 gal. reservoir, by purchase from private 
interests in 1868. As early as 1874 the need of a larger 
distributing reservoir was felt and in that year a site at 
a much higher elevation was purchased on which to build 
it. However, subsequently, some doubt as to its neces- 
sity must have arisen for the 1881 Annual Report of the 
Department states, ““The Water Works have reached a 
point where consideration of the two systems of service 
by which the city is supplied ought not to be further 
postponed. Whether economy would be promoted by 
continuing or uniting these two systems of service is a 
matter which experts ought to be invited to determine.” 

If these experts rendered an opinion it must have been 
favorable to the continuance of the dual high and low 
service system that had been in vogue in the Buffalo 
Water Works ever since its inception. In any event, the 
construction of a new reservoir for the purpose of re- 
inforcing the low pressure service was begun in 1880 
and completed in 1894, This reservoir had a capacity 
of 116,000,000 gallons, representing a two days’ supply 
to the low pressure service which covered three-fourths 
of the city’s area. It provided a pressure range, with 
full reservoir, of only 15 Ibs to 35 lbs. 

In conjunction to this reservoir distributing system 
was a limited high pressure zone. It received its pres- 
sure by direct pumpage and existed solely because it was 
at an elevation too high to be included in the reservoir 
system. 

As the city grew, Buffalo in common with many other 
cities discovered that, on account of the erection of larger 
and higher buildings, industrial water requirements, and 
the desire for more efficient fire protection, there was a 
real need for higher pressures in the low pressure reser- 
voir system. From time to time the boundaries of the low 
pressure zone had been constricted to meet these condi- 
tions and, on account of the rapid growth of the high 
pressure area, instead of a system as visualized at the 
time of the construction ofs the reservoir, it was found 
in 1934 that a decided change had taken place in the man- 
ner in which water was being distributed. The low pres- 
sure system had now become the subordinate system and 
was consuming only one-fifth of the total water pumped. 

Shortly after the senior author became Director of 
Water on January 1, 1934, he was confronted with the 
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Alan D. Drake 


Wm. J. Kelly 


necessity of meeting the growing demands for higher 
pressure by the residents and industries of South Buf- 
falo, which was the only remaining section of the city 
being served from the low pressure reservoir system. 

After careful consideration of the benefits to be de- 
rived from the change, and after consultation with engi- 
neers of the Fire Underwriters Association, it was de- 
cided that the overall efficiency of the system would be 
materially increased by placing it on a single pressure 
system. Because of the elevation of the existing reser- 
voir, this involved its abandonment. 


The plan to eliminate the reservoir met with consid- 
erable opposition from persons not familiar with condi- 
tions then prevailing in the water works system. The 
fears were those of discarding the large storage capacity 
available should there be a possibility of a complete shut- 
down of the pumps at a future time. But, it must be re- 
membered had this happened the advantage would have 
been confined entirely to the low pressure zone and four- 
fifths of the city would have been deprived of water in 
any event. Consumers fearful of consequences were in 
the area including many of the principal industries, the 
best commercial districts and the highest class residential 
section. Such a calamity, in spite of the presence of the 
reservoir, would have saved nobody’s face. 


The Betterment Plan 


Plans and specifications providing for the erection of 
three strategically located elevated tanks of 2,000,000 
gallons capacity, each, were drawn under the supervision 
of William H. Grotz, Assistant Engineer of the Division 
of Water and were presented to the Commissioner of 
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Public Works and the Common Council for their ap- 
proval early in 1935. 
Mains Found in Excellent Condition— 

To predetermine an elevation of the tanks that would 
permit them to most effectively serve the present system, 
and likewise be in accord with any expected or probable 
changes in the future, a Pitometer distribution survey 
was made. In addition to determining the height of the 
tanks, the survey proved that the system was well for- 
tified with feeders, that there would be no necessity for 
laying larger mains for some years to come and that the 
feeders were free from closed valves and other obstruc- 
tions. The Hazen and Williams coefficient was com- 
puted for practically all the large cast iron mains and was 
found to be higher than anticipated values, based on age 
of the mains. In some cases mains in service for 28 
years had a carrying capacity comparable to that of new 
pipe. 

The Tanks 

The tanks, which are of similar design, are of the ra- 
dial-cone type (see pictures), 122 feet inside diameter 
and 25 feet in depth. Each tank is capable of supplying 
the system with 2,000,000 gals. with a pressure drop of 
only 10.9 Ibs. per sq. in. They were erected on three 
widely separated high points of the city and are so 
placed that they are inter-connected and balanced by 36- 
inch feeder mains (see map). The foundations for 
the tanks, and the piping necessary to connect them to 
the system, were installed by the local Works Progress 
Administration. Each tank is equipped with a cone- 
valve, which prevents overflow by automatically closing 
when the tanks are filled to capacity. Telemeters have 
been installed on all tanks through which the elevation 
of the water in the tanks will be recorded on pressure 
gauges in the pump-room and a twin set of recording 
gauges in the office of the Chief Engineer. 

The Effects 

Much apprehension was felt when the idea of increas- 
ing the pressure in the old low pressure district was be- 
ing formulated and, as there is pipe in this section that 
has been in the ground for 84 years, there was some rea- 
son for such alarm. This was fully borne out during 
the first week of higher pressures when leaks caused by 
weak joints and broken pipes kept the entire Maintenance 
Department on the alert. After these first breaks were 
repaired the system once more functioned normally and 
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since that time no serious difficulties have been encoun- 
tered. 

The increased pressure in the old low pressure zone, 
also made necessary the immediate repair of a great 
many fixture and service leaks that may have been leak- 
ing unnoticed. At least many had gone unrepaired for 
years. 

It was estimated that on account of increased pressure 
there would be an 8,000,000 gal. increase in the daily 
consumption. However, in the first year of its existence 
the single pressure system actually increased the pumpage 
less than 6,000,000 gals. per day. This in the face of 
considerable improvement in industrial conditions which 
in Buffalo has always had a marked influence on water 
consumption. 

It must be admitted that a mild winter had something 
to do with reducing the expected increase in pumpage 
but the principal factor in accomplishing this was the 
relaying of 4.2 miles of pipe in one of the oldest sections 
of the city. It had been long realized that, due to the 
nature of the ground in which these pipes were laid, 
their replacement in the near future would become im- 
perative. The Division of Water took advantage of a 
pre-offered W. P. A. project and renewed these pipes 
and with much economy to itself. 

Closed Valves Eliminated 

The single pressure system offered one objective that 
has been the aim of the present Division of Water, and 
probably all previous administrations, in that, with the 
exception of a small booster section, all the valves of the 
system would be open. In general the division valves 
hetween the two pressure systems were contiguous to 
large feeders and, in addition to being closed and creat- 
ing almost one hundred unnecessary dead ends, were a 
distinct handicap to good distribution. These valves had 
been closed for as long as 42 years and, to prevent. the 
entrance into the system of sand and other deposits that 
had clogged these dead ends long before the filtration 
plant was contemplated, the valves had to be opened with 
much care. 

Benefits Noted 

The immediate benefits noted by the change-over were, 
first of all an increase of pressure in the sections of the 
city where the pressure was too low. The average pres- 
sure throughout the city became more nearly uniform. 
\While the average and minimum pressures of the old low 
pressure area were raised 30 Ibs. the maximum pressure 














Buffalo’s Long Inadequate Service Reservoir on Valuable Land in a Central Location. With the Completion of the Elevated Storage 
Program Is Being Converted Into a Worthwhile Municipal Asset Pictured Elsewhere with This Article. 
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Architect’s Model of Buffalo’s Municipal Stadium and Recreation Center. Accessibly Located in the Obsolete Reservoir, Superceded 


by Only 6,000,000 Gal. Elevated Storage, Upon Completion in 1937 Becomes a Real Asset to the City and Meets a Long Felt Need. 


has been increased only 15 lbs. A great improvement 
in the regulation of the pressure in the outlying sections 
of the city has been noted. The extreme daily variations 
being reduced from 30 lbs. to 10 Ibs. in differential. The 
pressure at the pumps has been reduced, the pumping 
rate is more uniform and there has been a small decrease 
in the pressure in the old high pressure area. 

Some of the mains in the old high pressure district 
were carrying velocities that were too high. These have 
been reduced by uniting the two systems. In others, 
where the velocities were extravagantly low, they have 
been increased; thereby, creating a better balance and 
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postponing the time when additional feeder capacity will 
be necessary. 

The new arrangement is a decided improvement over 
the old in that storage capacity, although decreased, has 
been effectually distributed throughout the system and 
for the first time has been made available to the entire 
city. The elevation of the full water line of the stored 
water has been raised from 685 to 752 feet above sea 
level. It is expected that the economic value of an im- 
proved fire protection system will be directly shown in 
reduced rates of insurance. 

To those persons who take an interest in the beauty 
of Buffalo’s sky line, it must have been very gratifying 
to note the disappearance of many unsightly water 
tanks, whose presence on sprinkler systems have been 
made unnecessary by increased pressures available. 


The single pressure system presents one hazard in the 
possibility of ice jams at the intake. The present ad- 
ministration made a thorough study of such a con- 
tingency and, by improvements and precautions that have 
been taken at the intake, feels that this source of danger 
has been reduced to an absolute minimum. 


The clear water reservoir at the Filtration Plant has 
a capacity of 30,000,000 gallons, a normal six hour de- 
mand. The principal 60 inch main leading from the 
Ward Pumping Station had been previously duplicated 
and, with the reliability of modern pumps in mind, it is 
felt that every reasonable precaution has been taken to 
insure uninterrupted water service for Buffalo. 


Disposition of Old Reservoir 


The abandonment of the reservoir released to the 
proponents of a municipal recreational center and sta- 
dium, a publicly owned, centrally located site with a 
contour so easily adapted to that of a stadium that it 
would reduce construction costs and make a much de- 
sired project possible. 

In addition to the regular distribution system there 
are two other water systems in Buffalo. One has boosted 
pressure and serves a small district on high terrain at 
the north-eastern extremity of the city. The other is 
an independent high pressure fire system, operated by 
the Fire Department, with separate mains and pumps. 
It provides fire protection for the congested value district 
and operates at a maximum of 300 lbs. pressure. 

The Division of Water is a branch of Buffalo’s De- 
partment of Public Works, of which George J. Sum- 
mers is Commissioner. Alan D. Drake is Director of 
Water and James A. Garey is Deputy Director. 

In closing, the authors wish to acknowledge the co- 
operation of Mr. Frank O. Nehin, Pitometer Engineer, 
for his valuable assistance in the preparation of this 
paper. 
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ANNOUNCING— 


A. M. RAWN AS ASSO- 


CIATE EDITOR WATER 
WORKS & SEWERAGE 


E take pleasure in announcing that with this is- 

\ \ sue, A. M. Rawn of Los Angeles, becomes As- 

sociate Editor of WATER WorKS AND SEWERAGE. 

To the older readers of this magazine Mr. Rawn needs 

no introduction. To its pages, he has been a frequent 

contributor of helpful operating and maintenance articles 
pertaining to sewers and sewage treatment. 


On the Pacific Coast, as Assistant Chief of the Los 
Angeles County Sanitation Districts, he has long been 
a leader in the sewerage field and is well known for the 
original and fruitful research and development work in 
sewage treatment, carried forward under his direction. 
In recognition of such work, Mr. Rawn has served, and 
still is serving, on important committees in the American 
Society of Civil Engineers and the California Sewage 
Works Association. 

Rawn, a native of Dayton, Ohio, “took root” in Cali- 
fornia soil as if he sprouted there originally rather than 
having been transplanted to become an asset in the way 
of an adopted son. He started his engineering career 
railroading and later went into irrigation and reclama- 
tion work, serving on some of the most important irri- 
gation projects in the West and working his way up to 
Project Manager. This position he left to join-up with 
the 605th Engineers A.E.F. for over-seas service as Ist 
Lieutenant of Engineers during the World War. After 
his discharge he completed an assignment on the Colum- 
bia Basin Project in Washington, and then went to the 
new Los Angeles County Sanitation District in 1924. 

During his connection with the Sanitation District 
much that was new, generally helpful and of practical 
value, has come out of its laboratories, and as the result 
of studies and field tests on sewer design, operation and 
maintenance, and large scale experimentation and demon- 
stration at the District’s treatment works. As a result, 
the literature on sewerage and sewage treatment has been 
repeatedly enriched by articles and reports developed by 
Mr. Rawn, or produced by members of his staff under 
his encouragement, guidance and stimulation. 

Characteristic of the man, is his reply to our invita- 
tion. He stated he did not believe that he was equipped 
to serve as Associate Ecdtor, because of the fact that he 
had been deprived of the opportunity to carry through 
his college work to the point of gaining a diploma—his 
“degrees” being those from the University of hard- 
knocks. To him we replied that little did we care and, 
what's more, we were after the man, and not the name 
or the “handle” which might go with it. 














A. M. Rawn 


Aside from being a leader in his chosen field, “A. M.,” 
as he is familiarly known, has that personality which 
makes him a part of the Ww est—and, so well liked by 
all who know him. His standing and leadership have 
taken him to the Vice-President’s Chair of the California 
Section of A.S.C.E., and the Presidency of the Cali- 
fornia Sewage Works Association. On the Board of 
Direction of the last he now serves. 

With this sparse introduction; We take pride in pre- 
senting to our readers “A. M.” Rawn, Associate Editor 
of WaTER WorKS AND SEWERAGE 


+ 
Telling the Other Fellow 


In his recent taking over of the chairmanship of the 
muchly alive and productive Canadian Section of A.W. 
W.A., Mr. A. V. Buchanan, Manager of Utilities, Lon- 
don, Ont., contributed bits of sound philosophy and good 
advice in his remarks made on the occasion of accept- 
ance at the recent Montreal Convention. Here follow a 
few high-lights taken from Mr. Buchanan’s thought im- 
pelling remarks. 

“We have one of the best technical organizations in 
Canada and our Section is recognized by the parent body 
as having a very high standing. But, do not let us take 
ourselves too seriously. 

“Of course, our technical papers and discussions are 
important, but our most important consideration is our 
relationship to, and our faith in, our fellow man.” 


(Speaking of Conventions) “If there is not too much 
“Whoopee” the parties may be worth as much to us as 
our technical sessions . . . . and, just a word of caution, 
don’t let us come with the idea that our only purpose 
is to tell the other fellow. The representative of the 
largest city can learn something from the superintendent 
of the smallest village. 


“As engineers of water supply, we should not forget 
our true function. We are not merely scientists and 
mechanics, but are definitely interested in practical ap- 
plication of science and mechanics in terms of money 
economy” .... “The saving of money, however, means 
little in itself, our job is not just engineering and account- 
ing ; the economic factor is only a means to an end. The 
real end, itself, is public service.”—Buchanan. 
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By PAUL HANSEN 


Greeley and Hansen, Engineers, Chicago 


THE SEWAGE DISPOSAL 


PROJECT OF BUFFALO 
Holds Interest to Water Works Men— 




















Water works men gathered in Buffalo for the 
annual convention of the American water works 
fraternity—A. W. W. A—will find the Buffalo 
sewage disposal project of particular interest. This 
is so, because one of the important functions of 
sewage treatment by Buffalo is to protect several 
public water supplies. Also, because sewage dis- 
posal involves a number of pumping, metering, 
hydraulic and construction problems similar to 
those encountered in water supply practice. Then 
it must be remembered, too, that sewerage and 
sewage disposal is pertinently related to water sup- 
ply. Water-works “deliver” new water; sewerage- 
works take it away after it has been used—fre- 
quently to send it downstream to be “delivered” 
anew by another water works, and another. 


























HE sewage disposal project 
of Buffalo has ‘he following 
major objectives : 

(1) The removal of much pol- 
lution from the Buffalo 
River and its immediate 
tributaries. 

(2) The relief of Buffalo’s har- 
bors of undue pollution. 

(3) The removal of pollution 
from Niagara River and 
reduction of the bacterial 
content of its waters to 








correct the pollutional load 
on the water purification The Author 





works of communities from Buffalo to Lake 
Ontario. 

) Diversion of sewage from Delaware Pake Lake. 
5) The provision of storm water relief in two inade- 

quately sewered drainage areas. 

To accomplish these objectives requires intercepting 
sewers, pumping stations, treatment works and storm 
relief sewers. The general location of these elements 
are shown on the accompanying general plan. 

The intercepting sewers will collect the sewage from 
sixty existing sewer outlets, now discharging untreated 
sewage, and convey it to the main pumping station and 
treatment works on Bird Island. The design of the 
intercepting sewer is predicated on the requirements of 
a population of 1,100,000. These sewers have a total 
length of about thirteen miles and vary in diameter 
from two feet to eleven and one-half feet. They will 
intercept from two and one-half to three times the dry 
weather flow of sewage. About four miles of inter- 
cepting sewer is being constructed in rock tunnel, some- 
thing under a mile in earth tunnel and the remainder 
in open cut. 

The main pumping station is located on Bird Island and 
has a nominal capacity of 600,000,000 gallons per day and 
comprises six 100,000,000 gallon pumping units, each 
driven by a 600 horsepower synchronous motor. The 
pumps will deliver directly to the new sewage treatment 
works, like wise on Bird Island. 


$3,000,000 Treatment Works 
Sewage treatment comprises screening, grit removal, 
sedimentation, sterilization with chlorine and sludge dis- 
posal. Sludge disposal in turn will comprise partial di- 
gestion, mechanical dewatering and incineration. The 
design of the treatment works is for a population of 














Through Point 
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Buffalo Sewer Tunnel in Rock, Looking Through the Holing- 


Buffalo Sewer Tunnel After Lining 
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Some of the Open Cut Construction 


750,000. The arrangement is such as to permit expan- 
sion and the introduction of additional processes if and 
when such may become desirable—see plan showing gen- 
eral arrangement of units. 

A temporary laboratory has been established on Bird 
Island for preliminary studies. This will be transferred 
to the treatment works and become the control and re- 
search laboratory for the completed works. 

The so-called Bird Avenue relief sewers have a total 
length of about 3.6 miles. They vary in diameter from 
42 inches to twelve feet. About 2.1 miles of the larger 
sizes are being constructed in rock tunnels and the re- 
mainder are constructed in open cut. 


$10,200,000 for Sewers and Pump Station 


In round numbers the construction costs of the main 
elements of the project will be as follows: 
Intercepting sewers and appurtenances, 
including two local pumping stations.$ 7,000,000 


Main pumping station............... 1,000,000 
I, WI 6 orca che cetendsawws 3,000,000 
Bird Avenue relief sewers............ 2,200,000 

ER See eee arene $13,200,000 


On May lst there had been awarded 22 contracts on 
all elements of the project. These contracts total in 
round numbers $10,700,000. Engineering work was 

















An Old Canal Bed Came in Handy for a Concrete Pipe Section 
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THe SEWAGE DisposAL Project OF BUFFALO 


started late in November, 1935. The first contract Was 
awarded in December, 1935. ‘The last of the major 
contracts will probably be awarded in July, 1937, and 
the entire work is scheduled to be completed by July 
1938. “ 

The work is being done under the Buffalo Sewer 
Authority—Daniel H. McGarriagher, chairman, anq 
Kevin Killeen, Henry W. Keitzel and Wm. M. Coon 
members. The writer’s firm is serving as engineers for 
the Authority, having charge of investigations, design 
and construction on intercepting sewers and appurte- 
nances, pumping stations and treatment works. Geo. J, 
Summers, Commissioner of Public Works, is in charge 
of design and construction of Bird Avenue relief sewers 
with the writer’s firm serving as consultants on this 
project. Edward P. Lupfer is Directing Engineer for 
the Sewer Authority. The project is being financed 
with the aid of the Federal Administration of Public 
Works, for which Harold Epstein is Project Engineer 
and Ear! L. Peterson is Chief of the Inspection Division, 


7 
Vance Now Chief Engineer 
Louisville Water Works 


It is with much pleasure that 
we are privileged to record the 
fact that L. Stuart Vance has 
been promoted to the position of 
Chief Engineer of Water Works 
at Louisville, Ky. 

Formerly Principal Assistant 
Engineer (Acting Chief Engi- 
neer, since the death of John 
Chambers), Mr. Vance, during 
the calamitous flood experiences 
which engulfed the main pump- 
ing station of Louisville’s Water 
Works, had a chance “to win his 
spurs.” He did—‘“the spurs” of 
a General. It was Vance, with his men licked in every 
quarter by the relentless charge of the swirling Ohio 
which had him cut’ off from land supplies and reserves 
by three-quarters of a mile of water, who out maneu- 
vered “Old Man River” by commandeering a river-boat 
to recapture the temporarily lost pump station. On page 
98 of our March issue the story of this strategic move is 
briefly told. The river boat, tied up to the pump sta- 
tion, became the source of steam to run an obsolete pump 
with main bearings under water. The decision and action 
which followed made water supply history of epic style. 
Naturally, it was not this alone which entitled Mr. Vance 
to the position won and deserved; but it was a keen 
piece of generalship which was exhibited. 

Mr. Van is a native of Louisville. He was graduated 
by Cornell University in 1922 and chose water supply 
engineering as his profession, by immediately entering 
the Louisville Water Department under John Chambers. 
For some time prior to Mr. Chambers’ death, Mr. Vance 
had been carrying the responsibilities and executing the 
duties of Chief Engineer, in the course of which he had 
full opportunity to demonstrate his ability to fill the posi- 
tion he now has been awarded. It comes to him on the 
basis of service and merit. 

Louisville should in some lasting manner memorialize 
the services of its Water Supply Battalion and its chief 
who fought defiantly to keep water in the mains of a 
suffering community; and, in winning against a relent- 
less river, came out rating Medals of Valor. 











_ Stuart Vance 
(Out-Maneuvered 
“Old Man River’) 
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A. W. W. A.—/Predents 


Its Program for the 57th Annual Convention—Buffalo, N. Y. 


to possible minor revisions, by L. H. Enslow, Chair- 

man of A. W. W. A.’s Committee on Technical 
Program and Publications; W. S. Orchard, Chairman, 
Committee on Entertainment; H. E. Jordan, Secretary 
of the Association : 


Tes E following program has been released, subject 


MAIN SESSION 
Monpay ForENOON— 
9:30 Convention Opens—W. W. Hurlbut, presiding. 
Reports of Committee Chairmen. 
9:45 Transite Pipe—W. R. Knowles. 
10:25 Gate Valves—G. Dale Dixon. 
11:05 Fire Hydrants—Wm. R. Conard. 
11:45 The President’s Address—Wm. W. Hurlbut. 
Luncheon Conference 
12:30 Secretaries of A. W. W. A.’s Local Sections. 


MAIN SESSION 
(W. V. Weir, Chairman, P. M. & O. Div.) 
Monpay AFTERNOON— 
2:00 The Water Works of Buffalo—Alan D. Drake. 
2:40 Report of Com. on Laying of C. I. Pipe—Wm. C. Mabee. 
3:00 Superintendents’ “Round Table’— 
(1) Discussion; Report on Laying of C. I. Pipe—T. J. 
Skinker, leader. 
(2) Pipe Finding and Leak Location—S. F. Newkirk, 
leader. 
(3) Reconditioning of Salvaged Pipe—R. J. Newsom, 
leader. 
(4) Fixed Period Operation of Gate Valves—J. S. Dun- 
woody, leader. 
(5) Methods of Repairing Pipe and Joint Leaks—W. 
V. Weir, leader. 
(6) Diesel Power vs. Purchased Electric Power vs. 
Steam Power in Pumping Reliability and Costs. 


PURIFICATION DIVISION 
(C. J. Lauter, Chairman) 
Monpay AFTERNOON— 
2:00 Committees’ Reviews of Progress and Plans. 
(1) Chlorine Ammonia Treatment—F. W. Gilcreas, 
Chairman. 
(2) Determination of Fluorides—A. P. Black, Chairman. 
2:30 Survey of the Condition of Rapid Sand Filter Beds in 
Illinois—C. W. Klassen. (H. E. Hudson, Discussion.) 
3:10 Silicates as Aids to Coagulation—John R. Baylis. 
(A. P. Black, S. T. Powell, O. M. Smith—Discussion. ) 
4:00 The Dynamics of Sedimentation—J. J. Slade. 
Round Table Discussion of Sedimentation. 
(Gordon Fair, L. V. Carpenter, M. E. Flentje, W. A. 
Sperry, A. S. Behrman.) 


COMMITTEE MEETINGS AND CONFERENCES 
(Open to all Association Members) 
Monpay AFTERNOON— 
2:30 The Manual Committee of the Finance and Accounting 
Division—Hal F. Smith, Chm. 
3:00 Conference. The Work of the American Research Com- 
mittee on Grounding—M. W. Cowles, Chm. 
4:45 Committee on Specifications and Tests for Powdered 
Activated Carbons—Mathew M. Braidech, Chm. 
5:00 Water Works Practice Committee—Malcolm Pirnie, Chm. 
(All matters to be brought before this committee 
should be presented to the chairman in advance.) 


Monpay Eventnc—Dancing (Informal) and “Get-Together.” 


MAIN SESSION 


(William W. Hurlbut, presiding) 
TuEspAY ForENoon— 
9:30 Twenty-five Years’ Operation of the Los Angeles Aque- 
duct—J. E. Phillips. 
10:10 International and Interstate Pollution Problems —J. K. 
Hoskins. (A. E. Berry, C. A. Holmquist, S. A. Greeley— 
Discussion. ) 


10:55 The Future of Water Allocation and Developments in 
Interstate Agreements—Duane Minard. (Discussion to 
be opened by Willard Chevalier.) 

11:35 Review of the Work of the National Resources Com- 
mittee and the Status of Anti-Pollution Legislation— 
Abel Wolman. (Discussion to be opened by F. H. 
Waring.) 


FINANCE AND ACCOUNTING DIVISION 


(Hal F. Smith, Chairman) 
TuEspaAy ForENooN— 
9:30 The Value of a Manual of Accounting Procedure for 
Water Works—Carl H. Chatters. 
10:15 The Preparation of a Manual of Accounting Procedure 
—Charles T. Sweeney. 
11:00 Free Discussion Invited on the Plan. 


12:30 Annual Luncheon. Finance and Accounting Div. 
(All interested in the work of the Division are invited 
to attend.) 


MAIN SESSION 
(William W. Hurlbut, presiding) 

TuEespAy AFTERNOON— 

2:00 The Licensing of Water Works Operators. ‘ 
Introduced by L. V. Carpenter, Chairman of Commit- 
tee on Water Works Short Schools and Licensing. 

Michigan Experiences—Edward D. Rich. 
Texas Experiences—V. M. Ehlers. 
New Jersey Experiences—Chas. H. Capen, Jr. 
California Experiences—Ray F. Goudey. 
A. W. W. A.’s Activity—L. V. Carpenter. 
3:00 Retirement and Pensioning of Water Works Employees. 
The Effect of Federal Legislation on this Subject— 
Dale L. Maffitt, Chairman of Comm. on Social Security 
Legislation. ; 
Municipal Activity—Leon A. Smith. 
4:00 Records of Actual Water Demands in Air Conditioning— 
Leaders: L. D. Gayton, O. C..Holleran; W. C. Mabee. 


PURIFICATION DIVISION 


(C. J. Lauter, Chairman) 
TuEspAY AFTERNOON— 


2:00 See Main Session Program—of Interest to all Members. 
3:00 Water Softening Symposium. 
(1) Review of Lime Soda Softening—Chas. P. Hoover. 
(2) The Conditioning of Softening Precipitates—Chas. 
H. Spaulding. 
(3) Review of Zeolite Softening—S. T. Powell: 
4:30 Discussion. (F. D. West, A. S. Behrman, F. H. Weed, 
E. W. Johnson.) 


5:00 Panel Discussion—“How Are Public Water Supplies 
Related to the Incidence of Gastro Enteritis?” 

This discussion is open to all who wish to take part. 

The following persons are among those who have indi- 
cated that they will have something to offer: 

(A. E. Berry; W. L. Mallmann; John F. Norton; 

A. V. Hardy; N. R. Ziegler; J. J. Hinman, Jr.; 

George D. Norcom; F. H. Waring; Frank E. Hale.) 


TurEspAy AFTERNOON—Ladies’ Fashion Show. 


TurespAy Evenrnc—The All-Division Dinner and Floor Show. 
(Master of Ceremonies—“Bill” Orchard) 


JOINT SESSION 


(William W. Hurlbut, presiding) 

WEDNESDAY ForENOON— 
Symposium on 1937 Floods, with Particular Reference 
to their Effects upon Water Works, the Rehabilitation 
and the Protective Measures for the Future. 

9:30 Huntington, W. Va.—J. C. Crenshaw. 

9:50 Cincinnati, Ohio—A. S. Hibbs. 

10:10 Louisville, Ky.—L. S. Vance. 

10:30 Evansville, Ind—L. A. Geupel. 
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10:50 Cairo, I1l—C. M. Roos. 

11:10 London, Ontario—E. V. Buchanan. 

11:30 Summation and General Aspects—L. R. Howson. 
(Discussion opened by W. W. DeBerard.) 


COMMITTEE ON BOILER FEEDWATER 
(C. H. Fellows, Chairman) 

WEDNESDAY ForENOON— 

9:30 Report of the Activities of the Joint Research Commit- 
tee on Boiler Feedwater Studies—C. H. Fellows, Chm. 

10:15 Coagulation as Applied to Industrial Waters—A. P. 
Black, R. A. Bardwell, and B. W. Graham. 

11:00 Removal of Dissolved Mineral Solids from Water by 
Organic Exchange Filters—P. G. Bird, W. Kirkpatrick, 
and Easton Melof. 

11:45 A Study of Contemporary Zeolites—L. F. Collins. 


WeEDNEspAY AFTERNOON—A. W. W. A. Excursion to Niagara 
Falls. 


Wepnespay (ALL Day)—Golf Tournament, Niagara Falls Club. 


WeEDNESDAY Eventnc—Dinner-Dance, Cataract House, Cana- 
dian Falls. Special illumination of the Falls. Return to 
Buffalo about midnight. 


MAIN SESSION 
(William W. Hurlbut, Chairman) 
THURSDAY ForRENOON— 
9:30 Motion Picture: Transite Pipe. 
10:00 Work of the Boiler Feedwater Committee in Review— 
C. W. Fellows, Chm. 
10:10 Review of Progress and Developments During Past Year : 
(1) Reservoirs, Supply Lines, Pumping—L. R. Howson. 
(2) Treatment and Purification—Paul Hansen. : 
10:40 Water Hammer and Its Control—S. Logan Kerr. (A. F. 
McQueen, V. C. Lischer, C. J. Des Baillets—Discussion. ) 
11:30 Small Sizes of Cast Iron Pipe—J. D. Sample. 
12:00 Spiral Weld Steel Pipe—Russell Barnard. 


FINANCE AND ACCOUNTING DIVISION 
(D. C. Grobbel, presiding) 
THURSDAY FORENOON— 
9:30 Building and Retaining Customers’ Good Will—H. L. 
Meites. 
10:10 Activities of the Los Angeles Water Sales Division— 
Thad M. Erwin. 
10:50 Internal Audit and Control—Paul D. Williams. (E. C. 
Schwier—Discussion. ) 
11:30 The Validity of the Water Charge Lien—Leo T. Parker. 
12:10 Business Meeting. 


PURIFICATION DIVISION 
(C. J. Lauter, Chairman) 


Tuurspay FoRENOON— 

9:30 Correlation of Bacterial Pollution with Watershed Popu- 
lation—E. Sherman Chase. (S. A. Greeley, E. S. Clark— 
Discussion. ) 

10:15 Experiences with Taste and Odor Removal at Ham- 
mond, Ind.—J. C. Vaughn. (P. L. McLaughlin—Dis- 
cussion. ) 

11:00 A Simplified Method of Iron and Manganese Removal 

D. L. Erickson. 
(N. T. Veatch, Jr.—Discussion. ) 

11:45 Experiences With “Anthrafilt” in a Slow Sand Filter 
A. C. Bailey. (H. G. Turner—Discussion. ) 


Tuurspay Noon—Bridge-Luncheon for the Ladies. 


JOINT SESSION 
President-Elect Eugene F. Dugger, presiding) 
THurSDAY AFTERNOON— 
2:00 Corrosion Control—Chas. P. Hoover. (J. R. Baylis, G. 
D. Norcom, M. E. Flentje, S. T. Powell—Discuss‘on. ) 
2:45 Air Conditioning and Its Bearing on the Cross Connec- 
tion Problem—F. M. Dawson and A. A. Kalinske. (Chas. 
R. Cox—Discussion. ) 
3:15 Round Table—Organization and Preparation of Water 
Works to Meet Major Catastrophes : 
(1) Floods—E. A. Munyan. 
(2) Conflagrations—H. E. Halpin. 
(3) Earthquakes—N. A. Eckart. 


TuurspAy Eventnc— The Annual Banquet — Floor Show — 
Dancing — Presentation of Awards and Honorary Member- 
ships. “Auld Lang Syne” 
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A. W. W. A. ProGrRaAM For 57TH CONVENTION 


76 A. W. W. A. Exhibits Planned 


To the date of this writing the following 76 firms 
had exhausted the available exhibit space and late-comers 
were having to share booth space with others willing to 
do so. The 76 exhibitors compare with 60 at the 1936 
convention : 


1. Activated Alum Corp. 

2. The American Brass Co. 

3. American Cast Iron Pipe Co. 
4. American City. 

5. The American Rolling Mill Co. 
6. The Atlas Mineral Products Co. of Pennsylvania. 
7. Badger Meter Mfg. Co. 

8. The Barrett Co. 

9. Bingham & Taylor Corp. 

10. Birch Mfg. Co. 

11. Buffalo Meter Co. 

12. Builders Iron Foundry. 

13. Carson-Cadillac Corp. 

14. The Central Foundry Co. 

15. The Chapman Valve Mfg. Co. 
16. Chicago Bridge & Iron Works. 
Crane Co. 

18. Darco Corporation. 

19. Darling Valve & Mfg. Co. 

20. DeLaval Steam Turbine Co. 
21. The Dorr Co., Inc. 

22. S. R. Dresser Mfg. Co. 

23. Eddy Valve Co. 

24. The Edson Corporation. 

25. Engineering News-Record. 

26. Fairbanks, Morse & Co. 

27. The Farnan Brass Works Co. 
28. Ford Meter Box Co. 

29. The Foxboro Co. 

30. The Fred W. Hanks Co. 

31. Michael Hayman & Co., Inc. 
32. Hays Manufacturing Co. 

33. Hersey Manufacturing Co. 

34. Homelite Corporation. 

35. Hydraulic Development Corp. 
36. Industrial Chemical Sales Co. 
37. International Filter Co. 

38. Johns-Manville. 

39. The Kennedy Valve Mfg. Co. 
40. Koppers Co., Western Gas Div. 
41. The Leadite Company. 

42. Lead Lined Iron Pipe Co. 

43. Lock Joint Pipe Co. 

44. The Ludlow Valve Mfg. Co. 
45. McWane Cast Iron Pipe Co. 
46. Merrimac Chemical Co. 

47. M & H Valve & Fittings Co. 
48. Mueller Co. 

49. National Meter Co. 

50. National Water Main Cleaning Co. 
51. Neptune Meter Co. 

52. The Pardee Engineering Co. 
53. Phoenix Meter Corp. 

54. The Pitometer Co. 

55. Pittsburgh-Des Moines Steel Co. 
56. Pittsburgh-Equitable Meter Co. 
57. Reilly Tar & Chemical Corp. 
58. Rensselaer Valve Co. 

59. Ross Valve Mfg. Co., Inc. 

60. L. A. Salomon & Bro. 

61. Simplex Valve & Meter Co. 

62. The A. P. Smith Mfg. Co. 

63. S. Morgan Smith Co. 

64. R. S. Sparling. 

65. Syntrom Company. 

66. Thomson Meter Co. 

67. United States Pipe & Fdy. Co. ; 
68. United States Steel Corp. Subsidiaries. 
69. Wailes-Dove-Hermison. 

70. Wallace & Tiernan Co., Inc. 
71. Water Leak Detector Co. 

72. Water Works Engineering. 

73. Public Works Magazine. 

74. R. D. Wood Company. 

75. Worthington-Gamon Meter Co. 
76. Water WorKs AND SEWERAGE. 
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This Picture, from an Old 
Wood Cut, Is Chattanoo- 
ga’s First Filter Plant (3 
M.G.D.) Installed in 1888, 
One Year Later Than At- 
lanta’s Plant, Which Was 
the First “Mechanical” Plant 
of Any Sise in America. 
“Believe [t or Not!” These 
Early National Filter Com- 

















NATIONAL FILTER PLANT. 





CHATTANOOCR. TENNESSEE. 








pany’s Units Were Equipped 
With a Surface Water-Wash 
Grid and the Company’s 
Featured Claim Was “In- 
creased Economy by Surface 
Washing.” These Units Are 
Still Held as “Standbys” at 
Chattanooga, Where Three 
Stages of Filter Evolution 
Are Represented. 


SOUTHEASTERN AND KY.-TENN. SECTIONS 


HOLD JOINT MEETING 


N CHATTANOOGA, Tenn., the Southeastern and the Kentucky-Tennessee 
Sections of the American Water Works Association held their first joint meet- 


ing April 5th, 6th, and 7th. 


official registration was 260 exclusive of the ladies attending. 





Retiring Chairman, 


Southeastern Section, 


JE. Jagger, 
Birmingham, Ala. 











Retiring Chairman, 
Kentucky-Tennessee 
Section, 

Roy J. Merton, 
Nashville, Tenn. 


The convention was opened with an address of wel- 
come by acting Mayor and Commissioner of Fire and 
Police Eugene Bryant, who had several nice things to 
say about Al. Porzelius and his Chattanooga Water 
Company. 

Entertainment, which was of a high order of quality, 
involved trips to the several points of historic interest 
around Chattanooga and dinner and bridge party for 
the ladies, a stag dinner for the men, and the final dinner 
and dance, with a well above the average floor show, 
closed the festivities. The convention closed with a golf 
tournament arranged by Al. Porzelius. 


Officers 1937-'38 
In separate business sessions, the following officers 
were named for the year ensuing. 
Southeastern Section: 
Chairman—D. Rhett Pringle, Supt. of Water Works, 
Thomasville, Ga. 

Vice-Chairman—C. P. Townsend, Supt. of Water & 
Light, Abbeyville, S. C. 

Secy.-Treas—W. H. Weir, State Dept. Health, At- 
lanta, Ga. 

Trustees—F. G. Crowe, Supt. Water Works, [lorence, 
Ala.; J. L. Hawkins, Supt. Water Works, Green- 
ville, S. C.; M. G. Stewart, Supt. Water Works, 
Natchez, Miss.; T. E. P. Woodward, Supt. Water 
Commission, Macon, Ga. 

Member of A.W.W.A. Board of Direction—J. K. 
Marquis, Engr. of Filtration, Water Department, Spar- 
tanburg, S. C. [W. H. Weir continues as Director 
through the 1937 convention in June.—Ed. | 
Kentucky-Tennessee Section: 

Chairman—E. E. Jacobson, Chief Engr. Water Works, 

Lexington, Ky. 

Vice-Chairman—C. M. McCord, Gen. Supt. Water 
Dept., Memphis, Tenn. 

Secy.-Treas—H. D. Schmidt, State Dept. Health, 
Nashville, Tenn. 


With an attendance above the 300 mark, the 








Incoming Chairman, 
Southeastern Section, 
D. Rhett Pringle, 
Thomasville, Ga. 











Incoming Chairman, 

Kentucky-Tennessee 
Section, 

E. E. Jacobson, 

Lexington, Ky. 
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Trustees—Hall Arnold, Supt. Water and Light, Mad- 
isonville, Ky.; H. C. Bristol, Supt. Water Dept., 
Alcoa, Tenn. 
Member of A.W.W.A. Board of Direction—J. J. 
Quinn, Supt. Filtration, Knoxville, Tenn. [Mr. Quinn’s 
term continues until 1938.—Ed. ] 














A. W. W. A. Directors 
Kentucky-Tennessee—J. J. Quinn, Supt. Filter, Knoxville, Tenn. ; 
Southeastern—J. K. Marquis,* Filter Engr., Spartanburg, S. C.; 
Southeastern—W. H. Weir, State Department Health, Atlanta. 
*Mr. Marquis Is Director-Elect to Succeed Mr. Weir in June. 


President Hurlbut Attends 


W. W. Hurlbut, President of A.W.W.A., came on 
from Los Angeles to tell A.W.W.A. members attending 
the Florida Section and this meeting of the noteworthy 
progress being made by the Association under Jordan’s 
leadership as Secretary, since the first of the year. To 
his mind one of the most important phases of associa- 
tion work was the encouraging of operator licensing 
movements, which looked to the raising of qualifica- 
tions and insurance of security of operators. He com- 
mented on the innovations in improvement of the Jour- 
nal, the forthcoming committee reports to appear therein 
during the year and others to appear in the form of a 
series of separate monographs. He outlined the sev- 
eral advantages derived from membership in A.W.W.A., 
now showing signs of a renewed healthy growth. 

Mr. Hurlbut then delivered an illustrated running talk 
covering the highly interesting history of “The Water 
Supply System of Los Angeles,” which had several 
times suffered “growing pains” due to necessarily rapid 
expansions. For 30 years operated as a privately owned 
water company, the system was bought by Los Angeles 
in 1902. A consumption of 300 gals. per capita, when 
taken over, had been successfully curtailed by metering. 
Today, 100 per cent metered, the consumption was still 
119 gals. per capita, due to irrigation usage and lawn 
sprinkling in what would otherwise remain the desert 
Pueblo of Los Angeles, as it was chartered by the King 
of Spain in 1781. From the early sub-surface flows of 
the Los Angeles River to the melting snows of the 
14,000 ft. high Sierras had the “City of the Angels” 
gone with its one time “dream aqueduct” of 238 miles, 
54 miles being mountain tunnel delivering to canyon 
syphons under 868 ft. of head. As an auxiliary, 200 
wells had been put down in the Los Angeles River Val- 
ley and the latest addition was the now constructing 
Mono Lake Project. Mr. Hurlbut explained that its 
present reservoir system comprised 19 major supply 
reservoirs and 45 distribution reservoirs or tanks. The 
distribution system, covering 450 sq. miles, boasted 3,940 
miles of mains fed by 13 major trunk lines—one being 
under 325 lbs. pressure. That Los Angeles did not in- 
tend to go thirsty, its share of the waters to be diverted 
from the Colorado River was 82 per cent—if, and when, 
needed and paid for as a security measure principally. 
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Especially noteworthy was the use of otherwise obso- 
lete employees on an intensive 9-year program of land- 
scaping and beautification of water works properties 
Also interesting was the fact that for main sizes above 
24-inch steel pipe was used, whereas in the grid system 
only cast iron pipe was employed. The ability of the 
latter to stand up under earthquake stresses was ascribed 
to the large factor of safety provided through use of 
class 250 pipes. Another item of interest was the fact 
that the Water Works owns and operates its own bitu- 
minous pipe coating plant and through its testing labora- 
tories had been instrumental in development of improved 
primers, coatings and linings. 


Technical Sessions 


Chairman—J. E. Jagger, Southeastern Section. 

Chairman—Roy J. Morton, Kentucky-Tennessee Sec- 
tion. 

(Each serving as the presiding officer at alternate ses- 
sions. ) 

“Public Safety in Water Works Operation,” by 
T. W. Coteman, Resident Engineer, City Water Com- 
pany, Chattanooga, Tenn. 

In discussing the various hazards to the safety of 
the general public in water works operation and its 
structures, Mr. Coleman stressed meter and curb boxes 
as the greatest hazard. In Chattanooga, with 27,000 
meter-box installations, 300 claims or suits for injuries 
during a 10-year period had made it essential in 1927 to 
study and correct the sidewalk meter-box hazard, re- 
sponsible for injuries from tripping and falling. That 
year the company established its Public Safety Com- 
mittee, which studies and corrects hazards and presents 
facts and methods of correction before regular safety 
meetings of department heads, foremen, and employees. 
Success had been attested by a reduction of the average 
number of accidents per year from 40 to 3, with none 


to date in 1937. 


Some of the methods employed in securing such acci- 
dent reductions were related by Mr. Coleman. Among 
the more important had been the schooling of meter 
readers and helpers (aided by moving pictures) in re- 
porting defective meter boxes ; the accurate reporting of 
even minor defects by readers monthly ; resultant prompt 
correction or repairs now totaling 28,000 correction or- 





Kentucky-Tennessee Officers 
Hall Arnold, Supt. Water, Madisonville, Ky.; Vice- 
Chairman—C. M. McCord, Supt. Water Dept., Memphis, Tenn. ; 
Sec.-Treas—H. D. Schmidt, State Dept. Health, Nashville, Tenn. 





Trustee 


ders. For possible use in defeating damage suits, care- 
ful condition records had been kept and frequently pic- 
tures are made promptly upon receiving a report of an 
accident. As a possible future witness for the water 
utility the consumer served by the meter-box has an 
excellent standing in court to combat fraudulent claims 
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or to prove negligence on the part of the plaintiff, if 
actually injured. Aside from preventing fraudulent 
claims, the careful and prompt investigation to establish 
reasonableness of damage claims had resulted in equi- 
table settlements out of court, to the decided advantage 
to all concerned. 

Mr. Coleman emphasized as the second most impor- 
tant factor in public safety, that of carefully selecting 
and schooling drivers of utility automotive equipment. 
During 1936 his company had operated 8 service trucks 
over the city without an accident, but all drivers had 
heen selected with care and drilled as to what to do in 
case of an accident. In connection with open trench in 
busy sections a watchman was kept on night duty in 
addition to the liberal use of red lanterns and_barri- 
cading. 

“Some Problems Confronting Water Works Off- 
cials in the Control of Water Borne Disease,” by 
F. W. Kittrrett, Asso. Engr., State Dept. of Health, 
Nashville, Tenn. 

Mr. Kittrell’s paper dealt with the matter of recurrent 
outbreaks of gastro-intestinal disturbances which pointed 
suspiciously, if not with reasonable certainty, to water 
supply as the source. Four cases in Tennessee during 
the past three years, involving unusual conditions, were 
cited. Many questions which had come up during in- 
vestigations had not been answered, but were presented 
merely as “food for thought” without divulging the 
names of the communities involved. In one instance, 
by a set of coincidences, a deep well supply to 9,000 
people in West Tennessee (long considered safe without 
chlorination) had been responsible for water borne out- 
break of 3,000 cases of diarrhea traced to a failure which 
“never could happen,” but actually did. In another case 
visitors to the community “Beta” suffered from diarrhea, 
whereas natives were apparently immune. First assumed 
to be due to chemical constituents of the water, exami- 
nations disproved such. In the end it was traced to in- 
efficient chlorination control on a limestone area polluted 
spring water. The unanswered question—“*Why the im- 
munity of the natives?” In the town of “Gamma” re- 
peating “week-end” occurrences of intestinal disturb- 
ances had been persistently reported. Warranting an 
investigation, many assumed possibilities were exhausted. 
There were apparently no cross connection hazards or 

















Miss Lois Sutherland, 


Al. F. Porselius, Mgr., , 
City Water Co., Chat- Treas., Paducah, Ky., 


tanooga (Host to the Water Dpet. (For the 
Convention); Had First Time in 53 Years 
Everything Fixed with She Saw Her Plant 
the Police Commissioner Shut Down. For 25 
—Just in Case! Days It Was Out.) 


deficiencies in chlorination control, until it was discov- 
ered that gradual lowering of reservoir head during the 
week resulted in a 75-lb. pressure on the pumps on 
Mondays dropping off to 70 lbs. on each Friday. By 


MEETING SOUTHEASTERN AND Ky. TENN. SECTIONS 


159 





test the assumedly constant output pumps delivered 260 
g.p.m. against 75 Ibs. and the fixed chlorine dosage 
proved adequate. On Fridays, however, the pumps 
against the 70-lb. pressure delivered 315 g.p.m. (21.2% 
more water against 5 lbs. less head) and the result was 
a less effective disinfection toward the end of each week. 








Southeastern Trustees 
T. E. P. Woodward, Supt. Water Works, Macon, Ga.; Frank G. 
Crow, Mgr. Water Dept., Florence, Ala.; J. L. Hawkins, Supt. 
Water Works, Greenville, S. C. 


The important “nigger in the wood-pile,” however, 
proved to be a leaking sewer in the limestone forma- 
tion, the correction of which stopped diarrhea from 
spending week-ends in “Gamma.” The failure, however, 
to be able to correlate the low coli-aerogenes counts on 
the distribution system with the recurring disturbance, 
is still one of those open questions which constitute food 
for thought. 

Another case cited by Mr. Kittrell proved the diffi- 
culty in effectively sterilizing mains once they had been 
filled with polluted water. A chlorine residual of 3 
parts at the flushed fire hydrants failed to kill all coli- 
aerogenes in the mains, and these returned upon lower- 
ing the residual to 0.5 parts at the plant. Especially 
was the return of the organisms noted earliest on the 
fringes of the system. A second program of more in- 
tensive flushing with water containing 3 parts of residual 
was required to eliminate the trouble. Most interest- 
ingly, commented Mr. Kittrell, not one complaint re- 
garding taste was received during the period when 3 
parts of chlorine were maintained for two weeks, and 
for five days more in the second attack. 

In discussion, Mr. DeJARNETTE (Georgia Dept. of 
Health) related other experiences in which the cause of 
dysentery outbreaks had not been satisfactorily identi- 
fied. A. E. Grirrin (Wallace and Tiernan Co.) told of 
a disturbance apparently due to organic matter decom- 
position in the storage tanks and filters on the cruise 
ship Rotterdam, which chlorination had at least par- 
tially corrected. W. W. Brusu said that since New 
York City had resorted to chlorination of its supplies at 
two or more points (four chlorination points on some 
supplies) intestinal disturbances had progressively de- 
creased over the past several years. L. H. ENstow said 
that this matter of unexplained gastro-intestinal dis- 
turbances had reached a point demanding such consid- 
eration as to warrant an open informal discussion on it, 
as scheduled for the 1937 A.W.W.A. Convention. Such 
would probably lead to the establishment of a committee 
to look searchingly into the matter, with hopes of arriv- 
ing at some concrete solution of the problem. — Mr. 
KITTRELL, in reply to a question, pointed out the possi- 
bility of a relationship between bad tastes or odors and 
high bacterial growths found frequently in dead ends, 
and intestinal disturbances. 
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“Sanitary Protection of Public Water Supplies,” by 
A. E. Grirrin, Research Chemist, Wallace and Tiernan 
Co., Newark, N. J. 

Mr. Griffin discussed the matter of storage and water- 
shed protection vs. dependable purification, as methods 
of safeguarding water supplies. Citing the advantages 











Homer G. Turner, Engr. Anthracite Institute, New York City; 
W. H. Lovejoy, Supt. Filtration, Louisville, Ky.; W. A. Welch, 
“Nuchar” Sales Engr., Chicago, II. 


and extended safety from multiple chlorination such as 
practiced on the New York supplies, he also noted that 
since all feeder streams of the Wanaque Reservoir of 
the North Jersey Water Supply District had been chlo- 
rinated the reservoir water ahead of the secondary auto- 
matic (effluent) chlorine-ammonia treatment had passed 
U. S. Public Health Standards 90 per cent of the time. 
(The chlorine is applied first at Wanaque and the am- 
monia thereafter to “fix” the residual chlorine entering 
the supply main and system.—E«d. ) 

Mr. Griffin said that more operators were becoming 
convinced of the values to be had from pre-chlorination 
as an unequalled safety measure, in addition to other- 
wise improved or more economical plant operation. In 
dead ends after-growths occurred in the slime and accu- 
mulated deposits. On this account and to protect against 
reservoir contamination and minor cross-connection haz- 
ards, residual chlorine in the mains, to the far corners, 
was becoming more general practice. In that direction 
ammonia-chlorine treatment possessed distinctive advan- 
tages. If there was any single formula applicable to 
chlorination in filter plant practice, it seemed to be pre- 
chlorination, in conjunction with carbon treatment if nec- 
essary, and ammonia-chlorine treatment of the plant 
effluent. 

PauL Weir (Atlanta, Ga.) agreed with Mr. Griffin on 
his evaluation of pre-chlorination. With 14 hours of 
contact in the Atlanta coagulating basin, the ammonia- 
chlorine application to the raw water maintained sterile 
basin and filter conditions. Residual chlorine of 0.25 
was maintained in the water to the filters, the beds were 
kept clean and most of the residual passed through. In 
the mains 0.2 parts residual was being maintained. To 
have 14 hours of sterilized water ahead of the filters 
was a great asset in case there should be purification 
failures for short periods. 

In the discussion and questioning which followed, it 
was developed that a higher residual was requisite when 
using ammonia—to do the same job in the same time, 
about twice as much residual. For quick bacterial kill 
it would in many cases prove feasible to add the chlo- 
rine first and the ammonia thereafter to “fix” the re- 
sidual for long carriage through the system. Due to 
increasing air conditioning, involving use of cooling 
water from private sources of supply, the cross-connec- 
tion leak problem was intensified and seemed an added 
reason for having residual chlorine in the mains. 
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“The Chemical Character of Natural Waters,” hy 
W. L. Lamar, Chemist, U. S. Geological Survey, At- 
lanta, Ga. ’ 

Employing the very interesting graphical color com- 
bination charts devised by W. D. Collins of the U.S. 
G.S.,. Mr. Lamar gave a pictorial presentation of what 
constitutes “good and bad” waters, and the combinations 
of base and acid radicles which determined hardness 
corrosiveness, etc. He pictured the marked difference in 
water quality with stream flow changes and, thereby. 
emphasized the need for many analyses of a stream sup- 
ply before the truth as to the water quality of such 
could be truthfully known. Concerning almost parallel 
streams (3 miles apart) a marked difference in water 
quality had been found, thus indicating the dangers of 
assumptions based on geography rather than geology, 
In storing water samples only the best flint glass should 
be used, since soft glass gave up alkali to the water, 
Likewise a stored water sample, containing mud, would 
gradually dissolve compounds from the mud and give 
misleading analytical results. In the latter, biological 
activity was a factor. 

In discussion, L. H. ENstow told of the interesting 
theory applied to explain the very soft water, high in 
sodium bicarbonate, taken from deep wells in Dallas and 
‘ort Worth, Texas. It was a fact that the rain enter- 
ing the soil of West Texas gathered considerable hard- 
ness in joining the ground waters. The hard ground 
water flow toward the coast apparently exchanged its 
calcium and magnesium for sodium in passing through 
great beds of natural zeolite sands known to exist in 
Texas. The net result was a natural and completely 
softened water when intercepted at Dallas, some of the 
wells being originally flowing ones. The product was 
what might be called a “slick” water and washing out 
soap in laundrying with it was difficult, as was de-soaping 
in bathing in it. 


Novel Water Supply 


“The Birmingham Industrial Water.Supply,” by A. 
CLintoN Decker, Sanitary Engineer, Tennessee Coal 
and Iron R. R. Co., Birmingham, Ala. 

Mr. Decker, a member of the Engineering Commis- 
sion for the Birmingham Industrial Water Supply, de- 
scribed their unique municipal project, now under con- 
struction, to provide abundant water for industrial pur- 
poses and creation, thereby, of a new horizon for in- 
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Paul Weir, Filter Su- 

perintendent, Atlanta, 

Georgia. (Round Table Assn. 
Leader). 





Tom Wolfe, Engr.-Mgr. 
Cast Iron Pipe Research 


(Round Table 
Leader). 


dustrial growth now limited due to water supply defi- 
ciencies. 

Made possible through a joint loan from PWA and 
grant from WPA, the project, to cost almost $6,000,000, 
consists of an impounding reservoir of 21 billion gals. 
capacity formed by a rock-fill dam; 44 miles of supply 
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and distribution mains (16 to 60 in. diam. ) 5a 65 m.g. 
distribution reservoir on the outskirts of the city ; a plant 
for chlorination and correction of corrosiveness with 
lime. The 16-mile supply main, from the impounding 
reservoir, had involved the use of 86,000 ft. of 60-inch 
welded steel pipe (wall thickness 3/16 in.) protected 
with a spun lining and coating of coal-tar base “Bitu- 
mastic” enamel and jointed with sleeve-type Dresser 
Couplings. Steel pipe in sizes down to 42-inch had been 
selected after alternate bids taken on cast-iron and steel 
of this size had shown the latter less costly. Fabricated 
locally by Chicago Bridge and Iron Works and Ingalls 
Iron Works Company, most of the pipes were 48 feet 
in length—the longest ever used on a major water sup- 
ply project. In the distribution system all pipes smaller 
than 42-in. were of cast-iron. 

The rock-fill dam, with clay face, is to be 1,100 ft. 
long at the crest and 195 ft. high, with a base 1,000 ft. 
thick. The working spillway was to be of the morning- 
glory drop-shaft type. An emergency spillway, consist- 
ing of a concrete weir on top of which is the 10-ft. 
earth “fuse-plug,” is also provided as a safety precau- 
tion. The dam was let to contract (Walsh Construction 
Company, Davenport, Ia.) for $1,685,000. Incorporated 
was a $400 per day penalty or bonus clause if completed 
sooner or later than March 19, 1938—the bonus limit 
being $36,000. 

Just below the close in distribution reservoir a chem- 
ical treatment plant will be equipped to super-chlorinate 
the water to discourage factory workers from drinking 
it. Also, to protect them in case they do. The water, 
being low in hardness and pH value, and liable to set up 
corrosion difficulties, lime treatment to boost the pH 
value, automatically controlled with a Leeds-Northrup 
potentiometer, is being provided. 

Mr. Decker said that the three-member Industrial 
Water Supply Engineering Commission consisted of 
O. G. Thurlow, as Chairman, and J. D. Webb, City En- 
gineer of Birmingham, in addition to himself. As Ex- 
ecutive Engineer, in charge of design and construction, 
A. C. Polk had served from the beginning. He ac- 
knowledged the valuable contribution of 28 miles of 
right-of-way alongside of the L. & N. Railway, at the 
cost of but $1.00. After his paper, Mr. Decker gave a 
running account of construction progress as pictured by 
movie film. 








Had Charge of Entertainment 
Tom McCreery, U. S. Pipe Company, Birmingham; Gerry 
Kavanagh, Wallace & Tiernan Co., Knoxville; W. D. Taulman, 
Simplex Valve and Meter Co., Atlanta. 


In reply to questions, he said that careful and inter- 
esting soil surveys had disclosed “hot spots” through 
which clay-blanketing of the pipe had been used to doubly 
insure against soil corrosion. From the pipe line, elec- 
tric leads to the ground surface were being installed 
in order to detect current on the mains in the future. 
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L. H. ENsLow said that, to his knowledge, the estab- 
lishment of an industrial supply by a municipality was 
new and a significant development in American water 
supply practice. He wondered if there was any prece- 
dent. An interesting phase of the super-chlorination 
scheme had a value in industrial use of water which, 








B. E. Payne, Supt. Pumping Station, Louisville; T. W. Coleman, 
Engr. City Water Co.,’ Chattanooga; Clinton Decker, Engr. 
T. C. I. & Ry. Co., Birmingham. 


possibly, the planners had not anticipated. He referred 
to the modern practice of condenser water chlorination 
to eliminate “slime” growths on tubes and, by improved 
heat transfer, insure a higher vacuum and worth while 
fuel economies, justifying the expense of chlorination. 
As to the possibility of cumulative current traveling 
along the main, he had always been under the impres- 
sion that the rubber gasketed Dresser Couplings had a 
value in insulating one section of main from another. 

Concerning municipally owned industrial supply, some- 
one stated that Paterson, N. J., had installed what is 
known as the “Dyer’s Pipe Line’ and Charleston, S. C., 
was just completing a pipe line and plant additions for 
the sole purpose of supplying a new paper mill. Neither 
could be considered a parallel to the special six million 
dollar Birmingham Industrial Supply, divorced from the 
domestic public supply. 

(lf there be anything approaching or paralleling the 
Birmingham project in America, or elsewhere, we would 
like to hear something of it from our readers——Ed.) 

“Removal of Organic Detritus by Absorbent Clays,” 
by Dr. E. M. Stocum, Research Chemist, General Re- 
duction Co., Macon, Ga. 

Dr. Slocum pointed out that a matter of great con- 
cern to the filter plant manager were the soluble and col- 
loidal materials which are not amenable to removal by 
simple coagulation. Aside from being the direct’ source 
of tastes and odors, such residues in coagulated water 
created filter bed gumming and mud balls, bacterial after- 
growths in mains, tastes and incidentally corrosion, due 
to putrefaction in dead ends. He then discussed the 
properties of adsorption possessed by certain clays or 
hydrated silicates. Especially effective were these clays 
in adsorbing aromatic oils such as given up by disinte- 
grating algae and other products of organic degredation. 
The saturated clay particles then served as nuclei in floc 
formation, resulting in an indirect process of coagulation 
out of soluble and colloidal impurities. The most per- 
nicious factor in filtration, in Dr. Slocum’s mind, was 
the putrefying sludge depositions which yielded up its 
soluble decay end-products to contaminate the fresh in- 
coming water above. 

Concerning the value of certain processed clays (re- 
ferred to as “Monterillinites”) in aiding coagulation and 
lengthening filter runs, he cited cases wherein 10 lbs. of 
the clay to each million gallons of raw water had re- 
duced turbidities on the filters from 25 parts to 5 parts 
per million. In the doctor’s opinion there was some- 
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thing to say for powdered carbon added at the filters, 
in combination with clay pre-treatment to adsorb oily 
products, improve coagulation, reduce residual organic 
matter, and chlorine demand. In conjunction with raw 
water chlorination the clay actually adsorbed and car- 
ried chlorine down to the sludge zone, with beneficial 





B. P. Rice, S. €. State Sanitary Engr., Columbia, S. C.; F. W. 
Kittrell, Engr. State Dept. of Health, Nashville, Tenn.; L. M. 
Clarkson, Georgia Sanitary Engr., Atlanta. 


effect. Dr. Slocum closed by emphasizing the impor- 
tance of proper processing in the production of absorb- 
ent clays and the selection of clays free of calcium car- 
bonate. 

In a written discussion, Mr. Gray, Chemist, Thomas- 
ville, Ga., reported that in water softening at Thomas- 
ville, the use of clay had resulted in a marked increase 
in magnesia removal (about 50 per cent), a consequent 
improved precipitation and increased removal of hard- 
ness, due to better clarification ahead of the re-carbona- 
tion stage. In addition, there had been noted longer 
filter runs. A saving in treatment costs of $3.00 per 
m.g. had been experienced. 


Filtration and Filter Materials 


“Comparison of Filter Bed Materials,” by H. G. 
TuRNER, Research Engineer, Anthracite Institute, State 
College, Pa., and H. W. Scuumpert, Supt. Water 
Works, Newberry, S. C. 

Mr. Schumpert was called on to introduce this topic 
by relating his experiences with crushed anthracite “An- 
thrafilt” as a filter media. Having first used the mate- 
rial in a swimming pool filter, having limited washing 
facilities, it was seen to have merit and resulted in re- 
placing the sand in one of the units of the Newberry 
Filter Plant. The ensuing experiences warranted full 
acceptance. The cost had been practically the same as 
if new sand had been purchased. 

“Anthrafilt,” although twice the cost of sand per ton, 
in having twice the bulk made both equal on a volume 
basis. In length of filter runs, the “Anthrafilt” had 
averaged 75 hrs. against 57 hrs. for the sand unit ; maxi- 
mum run, 167 hrs. against 91 hrs. for sand. Wash 
water 0.9 per cent against 1.13 for sand. 

In reply to questions, Mr Schumpert said that 18 in. 
wash rise was equal to 24 inches with sand. The upper 
limit, without washing over some anthrafilt, seemed to 
be about 21 inches. The bed depth was 30 inches and 
there seemed to be no accumulation of mud coating on 
the anthracite. For breaking up hard spots or mud 
halls, Mr. Schumpert described a hand operated portable 
“Lightning” Stirrer, with a spiked cylinder of wood on 
the end of the motor driven shaft. By thrusting the 
“business end” into the partly floated bed a mud-ball 
never had a chance to grow into a hard-spot. 

Mr. Turner followed with an informal discussion of 
theory vs. practice in filtration, which, with his random 
observations in visiting numerous plants, proved to be 
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a high-light of the meeting. Adept with chalk and black. 
board, he had no justification for apologizing for pej 
“part professor-part peddler.” In discussing filter wash. 
ing, it was his observation that high velocity wash was 
neither as practical, economical, or as effective, as low 
water rates assisted by mechanical agitation. Scrubbing 
with surface wash jets or air wash preceding a low ye. 
locity water flotation produced, in effect, a rinsing of 
the already scrubbed filter bed grains. Perfection of 
the once frowned upon air wash system, if properly op- 
erated, had much to commend it if observations in glass 
filters were any criterion. A clean grain filter bed was 
certainly an operator’s delight and an operating asset— 
theories, as to the value of a “schmutchdecke,” notwith- 
standing. To make the water “rinse” most effective, 
with least cost, a filter bed level as close to the bottom of 
wash troughs as permissible had proved very helpful in 
the dirt kick-over, as opposing the dropping back of the 
larger flakes of floc to start mud balls. 

In discussing the work of filters vs. coagulating basins, 
Mr. Turner said that the latter (costing 25 per cent as 
against 75 per cent for the filters) did almost 85 per cent 
of the work. This was too much like conditions in real 
life—the higher the pay the less the work done. The 
costly filter could and should be made to earn its keep 
more adequately by doing more work. That meant a 
new consideration, and why not the stepping up filtra- 
tion rates beyond the 2 gal./sq.ft./min. which had been 
passed down from father to son to become more his- 
torical than scientific, but which we stuck to. As to the 
matter of size of filter media gains, Mr. Turner re- 
viewed some of the findings of the A.S.C.E. Committee 
on Filtering Materials showing the economy and effec- 
tiveness of coarse grained media in deeper beds (30 in. 
or more) than fine grained media in shallower beds (24 
in. or less). In comparing “Anthrafilt” with sands, he 
had found the flat grained anthracite of 0.6 m.m. size to 
equal in filtering performance sands of 0.38 m.m. size. 
He offered no theory to prove why, but was content 
with actual observed effects, involving cleaner beds, less 
shrinkage, higher permissible filtration rates, less mud 
accumulations, less wash water. Why one should ad- 
here to the empirical 2 gal. rate per square foot, with 
modern raw water preparation, needed clarification. Es- 
pecially so when realizing that several plants using an- 
thracite as the media were producing satisfactory ef- 
fluents at 100 to 200 per cent higher rates. 








From “Ole Miss.” 


O. L. Sparks, Supt. Water and Light, Tupelo, Miss.; J. H. Miller, 
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In discussing filter bottom designs, the false bottom 
seemed to be the most satisfactory. The most intriguing 
was the Aloxite porous-plate (over a false bottom) re- 
cently offered with the idea of eliminating the gravel bed 
and getting good distribution without possibility of bed 
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inversion. Further than that, air alone, water alone or 
both together could be applied without fear of what may 
happen to the filter bed, since there were no gravel to 
mix up with the filtering material. 

Paut Weir (Atlanta), said that in his experience it 
was not feasible nor practical to run much above 2 g.p.m. 
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“A” Operator, as prescribed in the Operator Licensing 
Laws of the State of Michigan. Without some stand- 
ardization Michigan authorities might find it necessary 
to refuse to qualify an already licensed operator from 
some other state in which requirements in licensing 
lacked sufficient definition or stringency. Beginning 
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shausen, Genl. Chemical Co.; 7. Everett M. Jones, Simplex Valve & Meter Co.; 8. Guy C. Northrop, Hydraulic Development Corp. 


1 sq. ft. rate with sand and that anthracite seemed to be 
the answer to stepping up filter rates. The porous grid 
bottom had a definite appeal. 

(A further discussion of filter materials is to be found 
under the Round Table topic—‘Filter Plant Operation.” 
—Ed.) 

“Licensing of Water Works Operators,” by W. W. 
Brusu, Editor, “Water Works Engineering,” New York 
City. 

Mr. Brush, as a member of A.W.W.A.’s Committee 
on Operator Licensing, reviewed the recommendations 
of this committee headed by Professor L. V. Carpenter. 
In the report Class 1, 2, and 3 Operators had been de- 
fined, the criterion being educational qualifications in 
conjunction with and substituting in part for experience. 
Mr. Brush explained that it would be A.W.W.A.’s pol- 
icy to aid rather than direct Sections in licensing mat- 
ters, but that each must act as it believes best for its own 
good and that of its operators. For instance, Texas had 
chosen to continue with its voluntary licensing and the 
build up of the operator from a lower to next higher 
grade. Already 500 licenses had been issued in Texas 
and city officials had been kept informed of the oper- 
ator’s prowess. More recently the California Section 
had started a similar voluntary licensing scheme (110 
licenses issued to date) preparatory to efforts directed 
toward securing compulsory licensing. In reply to a 
question, Mr. Brush said that a special licensing law was 
not requisite in those states having “Rules and Regu- 
lations” of the State Department of Health which were 
sufficient to cover the matter. 


L. H. Enstow said that experiences with operator 
licensing indicated that various methods of procedure 
would be found most suitable for various states and 
sections; but, in general, a Standard Licensing Proce- 
dure, such as the A.W.W.A. Committee on Licensing 
might set up, should prove a useful pattern and profit- 
able guide in the drafting of regulations or licensing 
acts. It seemed important to have licensing require- 
ments so basically the same for various sections that 
operators licensed in one state would be capable of quali- 
fying for a like position in another part of the country. 
As an illustration of what was meant, Mr. Enslow cited 
the recent receipt of a notice of examination for the posi- 
tion of Plant Superintendent at an important Michigan 
city. Certain qualifications were stipulated and ratings 
given each. Then as a closing reminder, in bold face 
type, was the all important statement to the effect that 
the applicant must meet those requirements for a Class 


with voluntary licensing was seemingly a good start for 
many sections and should serve to negative the effects 
of the undesirable “Grandfather Clause” which other- 
wise might be required in drafting a licensing act. After 
a few years of voluntary licensing strength would be 
thrown into efforts through legislatures to secure a 
stronger licensing act. To Mr. Enslow’s mind legal 
status of licensing in the end would be essential if there 
be a real and permanent success of the movement, insofar 
as elimination of political interference and hazard to 
public health was concerned. In the meantime, volun- 
tary licensing served well in the testing out period, and 
as an educational phase, to prove that nobody amount- 
ing to anything gets hurts in the process. 

Objections to the advancement of operator licensing 
Mr. Enslow said, had been voiced by privately operated 
water companies because of a feeling that such state 
diction would disrupt organization or limit the supply 
of employables to a crippling and costly extent. In this 
connection, in West Virginia where many private com- 
panies operate, there had also been early fears. But, 
with the scheme followed in preparation for the licens- 
ing procedure (notably the short-school program and 
issuance of temporary licenses) there has been little 
or no dissatisfaction on the part of the private utilities. 
In fact, he had heard the best managers avow that it 
had materially helped their operation and had served to 
strengthen the worth while men and weed out inferior 
personnel to a mutual advantage of all concerned—ex- 
cept possibly the “weeds.” 


In South Carolina the plan of procedure was inter- 
esting. Only after 75 per cent of the operators have 
qualified under voluntary licensing requirements would 
there be an effort to secure a compulsory licensing law. 


Flood Experiences 


“Experiences in the Emergency Operation of the 
Louisville System During the Flood,” were told in a 
lucid manner by B. E. Payne, Superintendent of Pump- 
ing Stations at Louisville. He told of sleepless hours in 
fighting off “Old Man River” and finally on Black Fri- 
day, January 22nd, losing in the end, with a marooned 
main pumping station separated from the main-land by 
34 mile of water. Then followed the battle of recapture 
by a never licked Chief Engineer—L. S. Vance—who 
called him out at 4:00 a. m. after the first few hours of 
sleep in several days, suggesting that a river boat be tied 
up to the station and hooked up to one of the old Allis- 
Chalmers steam pumps. With an “O. K. let’s go!” he 
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told of the difficulties of locating needed steam hose from 
railroad shops under water, of maneuvering and hook- 
ing up the packet’s steam boiler to the head of the pump, 
through acetylene welded header connections and 5 steam 
pressure hose lines, of the difficulties of getting the pump 
going with main bearings submerged and a repeatedly 
debris blocked fly wheel. Then of the manual operating 
difficulties (without steam governor), melting and burst- 
ing steam hoses; finally, the securing of flexible joints, 
and with the indispensable services of an expert acetylene 
welder of the making of fittings from pipe cut from ra- 
diators above water, putting in two 1% inch steam lines 
which had to be heated at times by the same welder to 
prevent their snapping when the river started falling. 
Continuing to operate, with nothing but water lubrica- 
tion of the submerged main bearing, for several days, at 
least, enough water for rationing was kept going to Love- 
joy’s filter plant located on high land. Mr. Payne’s de- 
scription was made doubly interesting with lantern 
slides while he lived it all over again. 

“What Paducah Suffered,” as related by Miss Lois 
SUTHERLAND, Treasurer-Manager of Paducah’s (Ken- 
tucky) Water Department, constituted a high-light of the 
program. In a well prepared and smartly presented ac- 
count, Miss Sutherland told of the fight and abandonment 
of Paducah’s 53-year old water plant, completely put out 
of service on January 24th for the first time in its history 
by a river stage 40 feet above normal which drove 
32,000 of the 40,000 residents from their houses. De- 
watering was undertaken with a deep-well turbine pump 
and only after 25 days of many vicissitudes had the 
filter plant and pump station been cleaned up gotten back 
into normal service and water with 3 parts residual 
chlorine turned in. With a depleted supply when the 
plant went under, 15-minute water rationing per day was 
kept up until numberless abandoned submerged faucets 
left open made it necessary to shut off the mains in the 
Remarkably, only 3 cases 


most seriously flooded areas. 
Miss Sutherland expressed 


of typhoid had developed. 
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appreciation for the assistance rendered by the represen- 
tatives of the DeLaval Pump Company and Wallace 
and Tiernan Company and that of J. B. Harrington, of 
the West Virginia Department of Health, who was 
drafted by the U. S. Public Health Service for emer- 
gency flood service at Paducah. 

W. M. Lovejoy remarked that those who suffered 
damage to water utilities had something to console them 
when realizing such situations as that at Louisville where 
the electric utility had equipment valued at $18,000,000 
under water. C. M. McCorp, in reply to a question 
said that, contrary to reports in Chicago papers, the 
Memphis system was never in danger. 


On Filter Plant Operation 
(A Round Table—Led by Paul Weir] 


With a few introductory remarks, Mr. Weir requested 
C. M. McCord, General Superintendent, Memphis Water 
Department, to give the members an account of Mem- 
phis experiences in iron removal by aeration and filtra- 
tion. 

Mr. McCorp, interestingly traced the history in the 
development of the Memphis supply from wells tak- 
ing from a 500 ft. deep sand strata (once artesion flow) 
yielding a sterile water impregnated with iron, carbon 
dioxide and, at intervals, hydrogen sulphide. Employ- 
ing air lift to the surface and centrifugal delivery to the 
treatment plant, the water was dropped 10 feet through 
5 trays filled with coke to release gases, add oxygen. 
The precipitated iron (without benefit of added coagu- 
lant) largely settled out in sedimentation basins, was 
completely removed through rapid sand filters which 
were back-washed every third day regardless of the 
longer possible runs between washings. The coke in 
the aerating trays had been in service 12 years and was 
washed with a hose at intervals. No chemicals were 
added at any step and complaints from consumers were 
practically unknown. The supply constituted a 50/50 
mixture of water of 10 parts hardness from one well 
field, and 50 parts from another, to yield a product of 
25 to 30 parts hardness. 

L. H. ENsLtow commented that he believed the Mem- 
phis water, taken from all angles, to be the most nearly 
ideal water of non-corrosive nature of any supply of 
size that he had knowledge of. 

Mr. McCorp added that only one fact would cause 
him not to rate the water 100 per cent. He referred to 
so-called caustic embrittlement in boilers operating at 
250 Ibs. pressure, but not at lower pressure operation. 
Such had been corrected by sulphate additions to at- 
tain the SO,/CO, ratio in the water in the boilers, as 
advocated by the American Society of Mechanical Engi- 
neers. 

Cart ALEXANDER, Superintendent Water Works, 
Rome, Ga., in answer to a suggestion that caustic em- 
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brittlement could happen only in case silicates were pres- 
ent, reported that silicate of soda was regularly added at 
his plant for control of corrosion. No embrittlement had 
resulted and tubes were now more easily cleaned than 
previously. An egg shell coating was formed in the 
mains. 

W. J. Evpripnce, Supervisor of Water Supply, Du 
Pont Company, Old Flickory, Tenn., reported that boil- 
ers operating at 550 lbs. pressure had been kept prac- 
tically scale and pitting free with a ferrous oxide com- 
pound (Allis-Chalmers’ “Akon’’) added to the make-up 
water. 

“Bleaching Clay in Coagulation,” was the next 
topic of discussion. In this, Mr. WEIR reported expe- 
riences at the Atlanta plant wherein activated carbon ap- 
plication had been moved to the water entering the filters, 
and bleaching clay added along with the coagulant. Thus 
using 17 lbs. per million dosage there had been a marked 
improvement—20 p.p.m. residual turbidity at the filters 
reduced to 5 or 6 parts with somewhat less coagulant. 
Result—filter capacities. increased 33 per cent and car- 
bon requirements materially lessened. 

Mr. Weir said also that the 0.5 parts chlorine residual 
in the applied water from the chlor-amination of the raw 
water had been greater as a result and passed practically 
undiminished through filters. The combination of bleach- 
ing clay with pre-chlorination and carbon applied at the 
filters seemed to most effective and economical combina- 
tion yet tried at Atlanta. 

W. A. Wetcu of Industrial Chemical Sales Div., W. 
Va. Pulp & Paper Co., in response to Mr. Weir’s invi- 
tation, presented a brief explanation of the difference 
between just any charcoal and the scientifically activated 
charcoals as represented by “Nuchar.” Mr. Welch ex- 
plained in a graphical manner why powdered carbon did 
most effective work if applied in split dosage between 
the raw-water and the applied. He considered the clays 
better adsorbers of pseudo-soluble substances and oils 
in emulsion; whereas, carbons were more efficient ad- 
sorbers of soluble substances. On this basis it was ap- 
preciated that under some circumstances a combination 
treatment might surpass the use of either material singly. 

H. G. Turner, of the Anthracite Institute, was then 
invited to tell of the especial features of “Anthrafilt” in 
filtration and taste removal. In reply to questions, he 
had found that much depended on the proper prepara- 
tion of crushed anthracite for its greatest effectiveness, 
and “Anthrafilt” was therefore ‘tailor-made,’ for the 
job at hand. Further, not less than 30 inch bed depth 
was recommended. " 

Ww. H. Lovejoy, Superintendent of Filtration, Louis- 
ville, Ky., had unsatisfactory experience with a trial filter 
containing Anthracite on top of sand and another of all 
anthractie. The difficulty consisted of humping up of 
mixed sand and coal in summer—less noticable in win- 
ter. Mud had not washed free with 15 to 18 in. wash 
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rise, beyond which “anthrafilt” was wasted over wash 
troughs. 

Mr. Turner, urged that the Louisville filters be washed 
as strongly as possible (26 inch rise) and the fine anthra- 
filt lost might look bad but would not be great. He 
agreed to replace all loss thereby—which he felt safe 
in saying would be insufficient to cause any material ex- 
pense of replenishment. 


On Pumps and Pumping 
(A Round Table—Led by J. J. Dargan of Birmingham) 


In the Round Table on “Pumps and Pumping” the fol- 
lowing facts were developed : 

Heating of ball-bearings had been traced to over- 
greasing—a clean out and a small amount of vaseline 
being the solution of this difficulty. Elbows or long radius 
bends connecting intake line to centrifugal pump suction 
caused unbalanced impeller conditions due to the cen- 
trepital side force of the intake water. Elbows or bends 
connected in vertical position to suctions had no undesir- 
able effects. The dangers of packing becoming hard and 
cutting shaft sleeve justified a scheduled program of 
packing inspection and replacement more frequently than 
commonly practiced. A graphite-asbestos braided pack- 
ing (Garlock No. 61 or equal) was considered best. 
Metallic packings (such as “‘Elco”) should be used only 
on slow-speed pumps and was especially suitable for 
pumps handling gritty waters or sewages, where clean 
Hushing water for bearings was not available. 

Cavitation, indicated by a noise in the pump like peb- 
bles being whirled through, was caused by air release 
from the water on the vacuum side of the pump, or when 
air was sucked in due to deficient submergence of 
intake pipe or through leaking suction line or bear- 
ings. The trouble was more pronounced as_ the 
negative suction head increased and the lower the 
temperature and greater the dissolved air content of the 
water. Such released air had been found to cut impellers 
badly. To kill swirl pool formation around vertical suc- 
tion pipes, and air intake thereby, a floating circular 

















Chemists 


C. V. Swearingen, City Water Co., Chattanooga; W. L. Lamar, 
U. S. Geol. Survey, Atlanta; Lewis Simonton, Supt. Filtration, 
Griffin, Ga. 
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raft with center hole through which the pipe passed, 
had been effectually used to dissipate the swirl created 
during low submergence of the foot valve. 

In throttling oversized pumps it cost no less per hour 
for pump operation. No power was saved on the re- 
duced flow because of the increased head due to throt- 
tling. Therefore the cost per m.g. pumped increased in 
proportion to the degree of throttling and reduction in 
water delivery. Where one pump was to be used for 
pumping against low or high head it was feasible to have 
duplicate units cross piped, to be operated in series for 
the higher heads, and singly or in parallel for the 
lower heads. Thus, low head booster or raw-water 
pumps could serve as high head or fire pressure pumps 
if desired. To reduce pump capacity one member stated 
that he had successfully cut 7% of an inch from a 22% 
inch diameter impeller, by turning it down and trim- 
ming the outer ends of the vanes. The pump had been 
noisy but gave no operating difficulties—350 H.P. being 
reduced to 280. 





MEETING SOUTHEASTERN AND Ky. TENN. SECTIONS 


and mild electrolysis. Tuberculation and loss of carry; 
capacity had been sufficiently noticeable in the soft ia. 

“we a : water 
areas to justify linings with cement mortar or bitumi- 
nous enamels in extensions. And, for mains and service 
lines already laid, cleaning of mains followed by cor- 
rective treatment of the water to raise its alkalinity (pH 
value) and suppress attack, 

On the subject of jointing, Mr. Wolfe pointed to the 
proven dependability of poured joints with lead or the 
less expensive compounds that had proved acceptable 
if not preferable in the experience of many. As to me. 
chanical joints, these had their place in special cases but 
otherwise, their use on bell and spigot water pipes had 
been limited. As to pipes supplied with pre-run (ready 
prepared) lead for connecting and caulking, he had dis- 
covered many divergent views and asked for experiences 
and opinions of those present. The majority opinion ex- 
pressed was not favorable to the use of prepared joints 
on the whole. E. O. Sweet (Birmingham) had suff- 
cient experience, however, to cause him to consider the 








1. M. H. Collins, Rensselaer Valve Co.; 2. J. R. Brown, National Water Main Cleaning Co.; 3. Bill Ford, Mueller Co.; 4. E. L. 
Shuff, Builders Iron Foundry; 5. Howard Stilwell, Leadite Co.; 6. Ernest Vogt, Vogt Manufacturing Co.; 7. Bill Lyman, National 
Cast Iron Pipe; 8. T. F. Keenan, Pardee Engr. Co. 


To prevent deep-well turbine type pumps from draw- 
ing down the water level below the intake, a 34 inch hole 
drilled through the lift pipe just below the lowest bowl 
of the pump was recommended by Mr. Dargan as a 
satisfactory preventative. 

Contributing to the above discussion, beside Mr. Dar- 
gan, were Clark Cramer, Superintendent Pumping and 
Filtration, Lexington, Ky.; B. E. Payne, Superintendent 
Pumping Station, Louisville, Ky.; T. W. Coleman, 
Chief Engineer, Chattanooga Water Company, Chatta- 
nooga, Tenn. 


Pipe Coating, Lining and Joint Materials 


(Leader—Thomas F. Wolfe, Cast Iron Pipe Research 
Assn. ) 

In introducing this topic Mr. Wolfe dealt with the 
basic elements of design and structure of iron pipes; 
discussing, working pressure tolerances and resistance 
to water hammer; effects of and resistance to external 
pressures, such as earth loadings and stresses and traffic 
impact. He then covered the matter of pipe laying con- 
ditions and precautions to consider, the merits of flat 
bottom trench, the question of supporting blocks and 
shaped trench for minimum stress insurance. 

W. W. Brusu (‘New York City), commenting on 
breaks, assumedly due to traffic (truck) vibrations or 
impact loadings, said that his experiences had not shown 
that New York City breaks could be charged to street 
traffic impact. Requesting experience of others present, 
there was no evidence that traffic impact had caused a 
fracture of C. I. pipe beneath streets. 

In discussing corrosion and tuberculation, Mr. Wolfe 
hastily reviewed developments which had led to greater 
attention to soil surveys and thicker exterior protective 
coating than the single tar dip in so-called “hot-spots.” 
However, the wall thickness of C. I. pipe was primary 
consideration in precluding weakening from soil attack 
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prepared joint an advantage. W. W. HurLsut reviewed 
Los Angeles’ experiences in jointing and wholly satis- 
factory results had been had with cement jointing prop- 
erly done. Such joints had withstood earthquakes ; this, 
possibly to the surprise of many. In joint preparation, 
the tar coating was burned off and the almost dry ce- 
ment (17 Ibs. water to 83 cement) was heavily and thor- 
oughly caulked into place. On beaded end pipes no yarn 
was required in the cement jointing. Replying to A. F. 
Porzelius’ question, Mr. Hur!but said that expansion and 
contraction had not been a problem in Los Angeles ; how- 
ever, three breaks had been charged to contraction. 


A. C. DecKER (Birmingham) commented on the very 
satisfactory behavior of the coal tar base lining on the 
new Birmingham Industrial Supply pipes. In the hot 
sun there had been no sagging, in winter no crazing or 
cracking. 

E. O. Sweet, Sup’t Birmingham Water Works, com- 
mented on his experiences with cement linings in C. I. 
pipes. A badly checked and loose lining had actually 
‘‘healed” while in service, and the checking disappeared. 
C. I. pipes above 12 inch size were now being cut with 
an electric torch. The torch operator could cut a 36 in. 
pipe at a speed of 1 in, per minute. At cost of $3.00 per 
hour, a break in a 36 in. main had been repaired, cost- 
ing between $20.00 and $25.00 for the cutting job. The 
operation gave a relatively even cut and surprisingly had 
not cracked, or otherwise damaged, the cement lining. 


With Apologies 

The Round Table on “Meter Testing, Repair and 
Maintenance of Services’—led by R. C. Warkman and 
O. B. Roberts of the Chattanooga Water Company— 
cannot be reported. An attempt was made to listen in, 
or secure reports, on as many of the four separate Round 
Tables as possible. This one had to be missed in the 
shuffle. 
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SLUDGE PROCESS * 
The Why of Tapered Aeration 


By MILTON SPIEGEL, STANLEY E. KAPPE and 


Sanitary Engineers, 
Chicago Pump Company, 
Chicago, JIl. 


complishments of certain investigators in the de- 
velopment of a rational basis for controlling the 
activated sludge process. 

The object of this paper is three-fold: One, to pre- 
sent to the operating engineer measures for controlling 
the activated sludge process under varying conditions of 
sewage flow and strength. Two, to present to the design- 
ing engineer a basis for the design of activated sludge 
batteries to afford efficient operation control and power 
economies. Three, to present to the investigator a theory 
of oxygen utilization by activated sludges as a basis for 
further research. 

History 

Nordell, in 1916, while working on the basis of design 
for the proposed activated sludge plant for Milwaukee, 
performed numerous experiments on the oxygen utiliza- 
tion characteristics of activated sludges. This investiga- 
tion was undertaken because aeration represented the 
greatest single cost of plant operation and appeared to 
be one of the factors for controlling the activated sludge 
process. 

In 1934, Kessler, professor of Hydraulic and Sanitary 
Engineering at the University of Wisconsin, instituted 
a research program to check Nordell’s discoveries at 
Milwaukee. This work was performed at the Monroe, 
Wisconsin, sewage treatment plant, under the auspices 
of the University of Wisconsin Engineering Experiment 
station and with the advice of Nordell. 

The Monroe plant is of the activated sludge type em- 
ploying mechanical aeration. Sewage coming into this 
plant has abnormal strengths, varying from 500 to 1,000 
p.p.m., in the 5-day B.O.D., due to cheese wastes mixed 
with domestic sewage. The flow varies from 300,000 to 
600,000 gallons per day. 

At the time this research was instituted, the Monroe 
plant was not producing a well-activated sludge. The 
activated sludge used in the oxygen utilization experi- 
ments was built up and maintained in a separate tank 
with a mechanical aerator made available by the Chicago 
Pump Company. 

After the research program at the Monroe plant was 
finished, Kessler conducted extensive tests at numerous 
activated sludge plants throughout the country to check 
the results obtained at Monroe. The data and conclu- 
sions obtained from the research at Monroe and the 
tests conducted at various other plants were reported in 
an article on “Oxygen Utilization by Activated Sludge” 
written by Kessler and Nichols, published in the Sewage 
Works Journal, September, 1935. 

One of the by-products of the research program con- 
ducted at the Monroe plant was the re-habilitation of the 
aeration battery, to afford the consistent production of a 
well activated sludge. This work and the results ob- 


ae IS discussion presents a general review of the ac- 





*This paper, prepared for publication in WATER WoRKS AND 
SEWERAGE, was presented before the New York State Sewage 
Works Association, at its 1937 annual meeting in New York City. 
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tained therefrom was described in an article by Kessler, 
Rohlich and Smart, on the “Tapered Aeration of Acti- 
vated Sludges,”. published in Municipal Sanitation, Au- 
gust, 1936. 


Sludge Activity and Oxygen Utilization 


It is of importance to establish the definitions of the 
terms, “sludge activity” and “oxygen utilization” in the 
light of their application to the findings of the fore- 
going investigations. 

Sludge Activity: “Sludge activity” describes the 
biological activity present in activated sludges. 

The presence of living organisms in the sludge, main- 
tained under aerobic conditions, is necessary to accom- 
plish purification by the activated sludge process. This 
is a point agreed upon by most investigators. Because 
of these characteristics, Ardern and Lockett suggested 
that the sludge be called “activated sludge.” 

Terms for the expression of the concentration of 
solids in activated sludge—sewage mixtures such as, 
weight of dry solids, are not indicative of the sludge 
activity. Studies of many sludges have shown that only 
a portion of the total solids in activated sludge-sewage 
mixtures were activated. Mohlman discovered that 
with well-activated sludges, the activity was proportional 
to the volatile matter present. 

The sludge activity in activated sludge-sewage mix- 
tures is subject to variation and only can be kept more or 
less constant by external control, 7. e., retention or wast- 
age of sludge. 

Oxygen Utilization: The term “oxygen utilization” 
applies to the oxygen utilized by the biological activity 
present in an activated sludge. 

Kessler, in deference to the work done by Nordell 
named the rate of oxygen utilization by activated sludge, 
the “Nordell Number.” The unit of measurement of 
this term is parts per million of oxygen utilized per 
hour. 

“Sludge Activity,” and therefore “purification 
power,” of an activated sludge is measured by its 
rate of oxygen utilization. 

A quantitative increase in the concentration of sludge 
in the aeration battery increases the rate of oxygen utili- 
zation by the mixture. The latter increase indicates a 
greater sludge activity. However, the increase in sludge 
activity is not proportional to the total amount of sludge 
added, as a portion of this sludge contains unactivated 
solids. The increase in sludge activity is proportional to 
the amount of activated solids added, and is measured by 
the rate of oxygen utilization of the mixture. 


Measurement of Oxygen Utilization 

Nordell originally employed what was virtually a very 
short period B.O.D. determination to measure the rate 
of oxygen utilized by activated sludges. 

The measurement of the oxygen utilization rates de- 
termined at Monroe were sharpened by an improvement 
in method suggested by Palmer and Beck of the Chi- 
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THEORETICAL CURVE 
SHOWING OXYGEN UTILIZATION 
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cago Sanitary District. This modification consisted prin- 
cipally of the employment of a copper sulphate to in- 
hibit oxygen utilization, by an activated sludge-sewage 
mixture, and to facilitate rapid settlement of the sludge. 

sriefly, the measurement of the rate of oxygen utiliza- 
tion at Monroe comprised the following procedure: Two 
large-mouthed bottles were filled with the activated 
sludge-sewage mixture. One bottle was immediately in- 
oculated with a copper sulphate solution to inhibit further 
oxygen utilization, and then was tightly stoppered. The 
other bottle was tightly stoppered and shaken, or agi- 
tated, for a short period, say ten minutes. After shak- 
ing, this bottle was also inoculated with a copper sul- 
phate solution. When the floc in both bottles had set- 
tled for about ten minutes, dissolved oxygen determina- 
tions were made on the supernatant. The difference be- 
tween the dissolved oxygen content of the two super- 
natants was the reduction for the period the second bot- 
tle was shaken. This reduction was converted to a 
Nordell Number, by computing the rate of oxygen utili- 
zation in parts per million per hour. 

A detailed description of this method and the varia- 
tions developed may be found in the article on “Oxygen 
Utilization by Activated Sludges.” — Sewage Works 
Journal, Sept., 1935. The great amount of labor in- 
volved in this chemical method, and the potentiality for 
inaccuracy due to the personal equation, led Nordell to 
develop the “Odeeometer,’—a meter for determination 
of O. D., or oxygen demand. 

The Odeeometer measures the shrinkage of the air, 
in a closed chamber, due to the oxygen utilized there- 
from by an activated sludge-sewage mixture contained 
within this chamber. A small, partially submerged, pad- 
dle-wheel constantly stirs the mixture. The rate of 
movement of a globule of oil in a, calibrated, capillary 
tube, connected to the closed chamber, determines the rate 
of oxygen utilization by the mixture. A complete de- 
scription of the construction, operation and application 
of the Odeeometer has been presented in an article by 
Kessler, “The Odeeometer—Its Place in the Control of 
Activated Sludge Plants,” published in WaTER Works 
AND SEWERAGE, January, 1936. 





Oxygen Utilization by Activated Sludge-Sewage Mixtures 


The well defined results obtained at the Monroe plant 
showed that the rate of oxygen utilization by activated 
sludges followed a definite law. Curves, plotted from 
the data obtained, showed that the rate of oxygen utili- 
zation was at a maximum for a short period after the 
raw sewage and activated sludge were initially mixed. 
Following this maximum, the rate of oxygen utilization 
fell off sharply and then decreased more slowly, until the 
curve had a very slight slope. 
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Nordell, after considerable study of the Monroe 
curves, derived equations for the mathematical expres- 
sion of the general law of oxygen utilization by acti- 
vated sludge-sewage mixtures. Following this, Kessler 
studied the rates of oxygen utilization at numeroys 
activated sludge plants throughout the country, His 
findings substantiated the conclusions reached in the 
Monroe experiments. Plants where Kessler conducted 
these studies were at Williams Bay, Milwaukee, and 
the Madison experimental aerator in Wisconsin; Flora 
Illinois; Newark, N. Y., and Morristown, Madison. 
Chatham and Bernardsville, in New Jersey. 

The Curves: 

Curves 1 and 2 illustrate this law and the variation 
of the principal factors involved. The ordinate shows 
the rate of oxygen utilization of an activated sludge- 
sewage mixture in p.p.m. per hour. The abscissa shows 
time measured in hours, with zero as the point where 
raw sewage and activated sludge are initially mixed. 
On curve [A] the horizontal line shows the maximum 
rate of oxygen utilization which persists for a time pro- 
portional to the sewage strength. The curve drops off 
sharply and then more slowly. 


Numerous experiments demonstrated that the sludge 
possessed good flocculation characteristics when the flat 
portion of the curve was reached. With sewage having 
B.O.D.’s upward of 150 p.p.m. the point on the curve 
where a good sludge index was obtained was approxi- 
mately represented by a rate of oxygen utilization of 
4 to % of the maximum rate. Where sewage strengths 
were from 50 p.p.m. to approximately 150 p.p.m. B.O.D., 
this ratio was from % to 4. 

Following curve [A], the sludge activity is denoted 
by “N” at any time, “T.” And “N” is the Nordell 
Number, rate of oxygen utilization in p.p.m. per hour, 
“T” is aeration time in hours, measured from zero as 
the time when the activated sludge and sewage are ini- 
tially mixed. The maximum activity of the sludge is 
denoted by “M.” Since “M” is the maximum “N” it 
is likewise expressed in p.p.m. per hour of oxygen 
utilization. ‘“M’” on curve [A] is 100. “K” has been 
chosen as an index of sewage strength and is equal to 
the product of M and the time Tm in hours over which 
M persists. Therefore, “K” equals M x Tm. 
over the country it has been 
found that “K” roughly approximates 1/10 of the 5-day 
B.O.D. of the sewage coming into the aeration tank. 
The horizontal line, showing the maximum rate of oxy- 
gen utilization, is sometimes masked by abnormal con- 
ditions. One, the excess oxygen demanded by sub- 
stances normally foreign to fresh domestic sewage. Two, 
the inhibiting effect of certain substances which may 
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be present in the sewage. Three, the technique of the 
person conducting the oxygen utilization determination. 
Curve [A] shows a maximum sludge activity, “M,” 
of 100 which persists over % hour to give a “K” value of 
50. A ratio, “R,” of 5 to 1 is reached in 8% hours. 
This time “T” represents the aeration period necessary 
to produce a well conditioned sludge. Curve [B] shows 
what would theoretically happen if the sewage strength 
represented by “K” was halved. “M” is still 100 and 
persists over 4 hour to give a “K” value of 25. he 
point where the ratio, “R,” is 5 to 1 on curve [B| is 
reached in 414 hours, and represents the aeration time 
required by a sewage of '% the strength, “K.” This 
phenomenon is the basis of a general law—that, in any 
given activated sludge-sewage mixture with a constant 
maximum sludge activity the time of aeration required 
is directly proportional to the sewage strength. 

Curve 2: Curves A and B illustrate what happens 
when the sewage strength remains constant and the 
maximum sludge activity varies. Curve [A] represents 
an activated sludge-sewage mixture with a maximum ac- 
tivity of 100, persisting over 4 hour, giving a “K” of 
25. The ratio 5 to 1 is reached in 4% hours. Curve 
[B] represents an activated sludge mixture with a maxi- 
mum sludge activity of 50, persisting over 4 hour, giv- 
ing a “K” of 25. The ratio of 5 to 1 is reached in an 
aeration period of 8'4 hours or twice the aeration pe- 
riod required in Curve [A]. The general law illustrated 
here is, that in any given activated sludge-sewage mix- 
ture where the sewage strength remains the same, the 
aeration period required to produce a well conditioned 
sludge varies inversely with the maximum sludge activ- 
ity, “M.” 

Comparison of Oxygen Utilization and B.O.D. Reduction 

Quoting from Prof. Kessler’s article on the Odeeome- 
ter in WATER Works & SEWERAGE, January, 1936... 
“Figure 4, for August 23, 1934, shows results of oxy- 
gen demand tests obtained on sewages of different 
strength in separate tanks, being treated by activated 
sludges that were not identical in quantity or activity. 








lig. 3—The Odeeometer—Employed to Determine Rate of 
Oxygen Utilisation by Sludge-Sewage Mixtures, 
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As the tests for rate of oxygen absorption proceeded, 
samples were taken of the mixed liquor and B.O.D. 
determinations were made, but of course were not avail- 
able until August 28th.” . . . 

“Figure 4 indicates that as long as the maximum rate 
of absorption ‘M’ remains constant, the B.O.D. of the 
supernatant of the mixed liquor is decreasing at an 
exceedingly fast rate and as soon as the rate of oxygen 
absorption decreases, the decrease in the B.O.D. of the 
treated liquor takes place very slowly. If Ridenour’s 
curves (Sewage Works Journal, Vol. 7, No. 1, Jan., 
1935) are plotted to the same ordinate they would be 
almost identical to these curves, except that for his 
curves the period of rapid B.O.D. reduction lasts only 
about five minutes, whereas the period of the August 
23rd test was about 60 minutes. This difference in time 
can be explained partially by comparing the strength of 
the raw sewage. Ridenour working with 185 B.O.D. as 
against 400 B.O.D. in the above test.” 


Application to Plant Control 


Studies of the application of these laws to actual 
plant operation have been conducted at the Monroe, 
Wis., and the Flora, IIl., activated sludge plants during 
the past two years. Both these plants receive sewages 
of abnormal strength. The Monroe sewage comprises 
domestic and cheese plant wastes. The Flora sewage 
is a stale, highly concentrated domestic waste, due to low 
per capita water consumption and flat grades in the 
sewer system. Sewage flow characteristics at the Mon- 
roe plant show high daily surges in rate, while the Flora 
flows are subject to extreme variations between the 
summer season and the balance of the year. 

The conclusions drawn from these studies of actual 
plant operation show that the application of the pre- 
viously discussed laws afford simple and effective con- 
trol of the activated sludge process to the end that high 
degrees of purification may be constantly produced under 
widely varying conditions of sewage flow and strength 
with a material economy in power requirements. 

The controllable factors in the process are sludge 
activity and oxygen supply. These factors are meas- 
urable. Sludge activity is indicated by the Nordell Num- 
ber, the rate of oxygen utilization expressed in p.p.m. 
per hour, and is simply measured by the Odeeometer. 
The rate of supply of oxygen required during various 
critical portions of the aeration period is a factor of 
the activity of the sludge, the strength of the sewage 
and the available aeration period. Quantitatively, the 
oxygen required is determinable by oxygenation curves 
produced by Odeeometer tests. The sufficiency of oxy- 
gen supply throughout the aeration battery can be readily 
checked by the dissolved oxygen test on catch samples 
of the mixed liquor at various points. 
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The general procedure for control of the activated 
sludge process comprises the maintenance of a sludge 
activity, “M,” which under the selected operating condi- 
tion of sewage strength and flow, will produce a well- 
activated sludge within the aeration period available. 
“M” is the maximum rate of oxygen utilization by the 
sewage-sludge mixture, and is indicative of the maxi- 
mum activity of the sludge. 

The desired maximum sludge activity may be main- 
tained by controlling the wastage and retention of the 
sludge produced in the aeration battery. The sludge 
index, as derived by Donaldson, Theriault, and Mohl- 
man, the ratio of volume to weight, or vice versa, can 
be employed to determine the optimum ratio of “R’— 
the ratio of the maximum oxygen utilization rate to the 
final rate necessary to obtain a well-activated sludge. 
The settling characteristics of the sludge can be readily 
determined by the simple settling test. 


Tapered Aeration 


As indicated by the oxygen utilization curve for the 
operating conditions selected, the oxygen supply can be 
tapered off from the initial portion of the aeration period 
where the sludge activity is at a maximum, to the end 
of the aeration period where the rate of oxygen utiliza- 
tion is but a fraction of the initial rate. 

Regulation of oxygen supply to obtain purification 
control, power economy, or both in existing mechanical 
aeration or air diffusion plants, where present equip- 
ment does not lend itself to the desired flexibility, can 
be simply instituted by the addition of recently devel- 
oped aeration apparatus in the initial portion of the 
aeration battery. For proposed activated sludge plants, 
aeration apparatus having flexible oxygenation capacity 
characteristics can be employed to advantage to obtain 
the purification-control and power economy afforded by 
the application of the foregoing principles. 

Certain preliminary studies would have to be under- 
taken before existing activated sludge plants could be 
placed under control. For instance, in a plant where 
there is a great variation between dry and wet weather 
sewage flow and strength, one basis of regulation would 
prevail for dry weather, and another for wet weather 
conditions. The operator could, either by estimate, based 
on past experience, or by actual investigation, determine 
the operating sewage flow and strength for these sea- 
sons. Then, with the Odeeometer a number of oxygen 
utilization curves could be determined for various days 
during each season. His past knowledge of sewage 
strength and flow variations could be correlated with 
the characteristics of the oxygen utilization curve. This 
study would give the operator sufficient data to set 
optimum operation conditions for the period of regu- 
lation chosen. Daily control would comprise the main- 
tenance of the desired maximum sludge activity and a 
sufficient oxygen supply to support this activity. 

The degree in which the activated sludge process is 
controlled with respect to varying sewage flows and 
strengths is dependent upon the size of the plant and 
the economies which may be afforded by close regula- 
tion. In many plants the power savings available by 
tapering off the air supply proportional to the oxygen 
utilization curve would result in sufficient economies to 
justify comprehensive field studies for plant regulation. 

In the operation of small activated sludge plants 
longer periods of regulation and higher factors of safety 
are indicated to maintain control of purification with- 
out too close supervision. The collection of sewage 
strength and flow data, say, during the first year of reg- 
ulation would afford a basis for inducing further econo- 
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mies by lowering the factor of safety consistent with 
the operation supervision available. 

The main advantage in controlling an activated sludge 
plant in accordance with the laws set forth in this dis. 
cussion is purification control. A secondary advantage 
which has not been stressed in this discussion is the 
power economy which can be effected by regulating the 
air supply in accordance with the oxygen utilization 
curve and the minimum tank velocities necessary to 
maintain suspension of the solids. 

Studies of a large air-diffusion plant, of approxi- 
mately 200,000,000 gallons per day capacity, led to theo- 
retical estimates which indicated that a power saving of 
25 per cent [$20,000 annually] could be instituted py 
the inclusion of a newly developed air diffusion system 
operating on the tapered aeration principle. : 


Conclusion 


The numerous experiments and tests performed at 
the Monroe Sewage Treatment plant and checked at 
various activated sludge plants throughout the country 
indicate the following conclusions regarding the activated 
sludge process: 


1. Sludge activity is the controlling factor in the acti- 
vated sludge process. 

2. The rate of oxygen utilization of activated sludge- 
sewage mixtures is a measure of sludge activity. 

3. The rate of oxygen utilization of an activated 
sludge-sewage mixture is readily measured by the Odee- 
ometer. 

4. When activated sludge and raw sewage are ini- 
tially mixed, the rate of oxygen utilization is at a maxi- 
mum, persisting uniformly for a time proportional to the 
strength of the sewage. The rate of oxygen utilization 
then drops sharply and subsequently more slowly until 
a point is reached where good purification and a well- 
activated sludge is obtained. 

5. The aeration period required to produce a well- 
activated sludge is inversely proportional to the maxi- 
mum activity of the sludge and is directly proportional 
to the strength of the incoming sewage. 

6. An activated sludge plant may be controlled on a 
rational basis by maintaining a maximum sludge activity 
consistent with the operating sewage strength, so that 
the sludge is in a well-activated condition throughout the 
aeration period. 


v 
New Pipe Manual 


The well known American Pipe Manual, in its 10th 
Edition, has just been announced by The American Cast 
Iron Pipe Company as now being ready for free dis- 
tribution. 

The new edition of 205 pages is put together with the 
modern “plastic” binding, which allows the open book to 
lie flat. It contains much new material and several of 
the newer ACIPCO products are therein listed for the 
first time, with ample illustrations of the products and 
step by step action photographs of the adaptations and 
assembly of various mechanical joints. For many years 
a useful source of technical information for those who 
design, specify or purchase pipe and pipe line appur- 
tenances, the new 10th edition is more replete than ever 
in tables and reference information for engineers, and 
superintendents. For a copy of the 1937 American 
Pipe Manual gratis, address any branch office of the 
company, or the headquarters offices of The American 
Cast Iron Pipe Co., Birmingham, Ala. 
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CHLORINATED AIR 
PROVES AN AID 
IN GREASE REMOVAL 


By HARRY A. FABER* 


Research Chemist 
The Chlorine Institute, Inc. 
New York, N.Y. 


problem of removing grease from sewage. In a 

separate sewer system the content may be low, but 
in a combined sewer system industrial wastes may ex- 
cessively increase the grease content. In activated sludge 
type of treatment plants such substances as oil and 
grease interfere with efficient aeration and sewage puri- 
fication. To a lesser degree, grease and oil interfere with 
other sewage treatment operations and result in lower 
sedimentation efficiencies. 

In several activated sludge plants provision has been 
made to partially remove oil, grease, soaps, and floating 
debris ahead of the aeration process. Attempts have 
been made to increase the amount of this material col- 
lected by means of a short period of diffused air aera- 
tion. Partial coalescence and flotation of such substances, 
and removal thereafter as scum, appears to be caused by 
the air blowing process. Not all grease rises to the sur- 
face by such treatment but, because it remains in an 
emulsified form or exists as a coating on heavier par- 
ticles, is carried with the sewage flow. This aeration— 
skimming process is only partially effective in grease 
removal and little data is available as to the most eff- 
cient tank design or air application. 


Cy limited study has so far been given to the 


Wool Grease Recovery Methods 


It appears that the only attempts to study improvements 
in grease yield from industrial wastes have been in con- 
nection with wool washing effluents. Raw wool contains 
a high percentage of grease which is removed by wash- 
ing in warm water with alkali or soap. The waste grease 
is mixed with suspended mineral and organic matter and 
does not readily separate out. Acid “cracking” of the 
washing water to recover wool grease (lanolin) is prac- 
ticed in a few instances. By reacting on the alkali con- 
tent the acid treatment releases some of the grease, but 
it does not destroy the protective colloid effect of the 
protein material. 

A more logical method of wool grease recovery is re- 
ported (1) as used by J. de Raeve in Australia. Oxidation 
of proteins by chlorination apparently has no effiect on 
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Skimming the Traps During Chlorination. More 
Work for the Operators; But Less Grief 
in the Plant Beyond. 


the fats. It does destroy the protective colloid effect of 
the proteins which appears to be more largely responsible 
than is the alkali in preventing the liberation of grease. 
Chlorination of wool washing effluent to form hypo- 
chlorous acid was practiced to free the grease which 
was then recovered by flotation and skimming. While 
this work was done on wool washing waste, it appeared 
that a similar effect might be expected to occur with sew- 
age grease. In consequence of indications noted at sev- 
eral plants employing pre-chlorination of sewage and, in 
particular some observations during chlorination experi- 
mentation at the Baltimore Treatment Works, it was 
decided to undertake an experiment wholly confined to 
grease removal. 


Plant Scale Experiment 


For two reasons, the activated sludge plant at Woon- 
socket, R. I., appeared a desirable site for the experi- 
ment. First, the physical equipment of this plant is suit- 
able. A grease skimming tank using aeration is in regu- 
lar operation ahead of the primary settling tanks. Sec- 
ond, the Woonsocket sewage has a high grease content 
because it receives wastes from such industries as wool 
scouring, rayon manufacture, and weaving processes. 

Aeration during a six minute detention period (at 
normal flows) is provided. No facilities are available 














Primary Units, Woonsocket Plant, Between the Settling Tanks 
and Screen House Appear the Aeration Tanks for Grease 
Separation, Trapping and Removal by Hand Skimming. 
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Gas Feed-Tube Connected Into 
Separation Tanks. 


Chlorine Air Header of Grease 


for metering the air supply to this tank, but experience 
has made it possible to employ a rate which accom- 
plishes greatest flotation of grease. The study was con- 
fined to a comparison of aeration at the usual rate, with 
and without the addition of chlorine. 

To secure the maximum effect of chlorination it seemed 
desirable to add chlorine as near the point of air-diffu- 
sion as possible. For this reason it was decided to con- 
fine the study to the introduction of gaseous chlorine di- 
rectly into the compressed air line. Previous experi- 
ence had indicated the value of efficient flash type distri- 
bution of the chlorine which would be accomplished in 
this scheme. Other experiences had indicated that the 
only point on the air-diffusion system at which minor 
chlorine injections might prove damaging was to the 
drop pipes immediately above the submerged air-diffusers. 


Low Chlorine Dosages Necessary 


The original plan was to study the relation between 
chlorine dosage and grease removal results. A limiting 
factor at Woonsocket soon became apparent, however, 
in that the porous tube air diffusers are located at a depth 
of only three feet below the surface of the skimming 
tank. Because of the shallow depth, air bubbles rise 
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Aeration Units at Woonsocket. With His Back to the Primary 
Units, the Reader Is Looking Toward the Digesters and 
Sludge Beds Beyond. 
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IN GREASE REMOVAL 





to the surface with only a relatively short travel and con- 
sequently brief air-sewage contact period. Thus the 
chlorine content of the air could not be large or, else 
unabsorbed gas would be released at the surface and 
chlorine would be wasted to the atmosphere. Chlorina- 
nation was, therefore, adjusted to feed at slightly be- 
low the point at which a chlorine odor became perceptible 
at the surface of the sewage. 

From Table 1 it will be noted that the average chlo- 
rine dose was under 1.5 p.p.m., when calculated on sew. 
age flow. Tests for chlorine in the treated sew- 
age at no time showed the presence of any residual, 
There is some evidence that a somewhat increased dose 
would have resulted in greater effectiveness in freeing 
grease, and the physical conditions of depth and adsorp- 
tion permitted. 








Close-Up of the Grease Froth Accumulating Within the Baffled 
“Trap.” Lifted by Blowing With Chlorinated Air in the Center 
Compartment, Wave Action Pockets It in the Traps on Either 





Side. 
TABLE 1—GREASE RECOVERY EFFICIENCY USING 
CHLORINATED AIR 
Pounds Wet Grease Additional Yield—— 
per m. g. Sewage Yield P. P. M.* 
Usual Chlorinated Pounds Per Cent Chlorine 
Aeration Aeration perm.g. Increase Applied 
SUHGAV ..ccicce Ee Su 4.0 408 1.51 
Monday ....... 14.0 29.0 15.0 207 1.47 
Tuesday ....... 22 23.0 10.8 189 1.47 
Wednesday .... 3.6 10.0 6.4 278 1.41 
Thursday ...... 3.9 10.3 6.4 264 1.68 
Friday ......... 3.9 10.0 6.1 256 1.40 
Saturday ...... 2.4 10.6 8.2 442 1.38 


*Calculated from total chlorine applied and total sewage flow 
each day. 


Measurement of Released Grease 


Determination of the grease content of the raw and 
aerated sewage by Standard Methods of Analysis proved 
difficult. Accurate composite sampling would be neces- 
sary and facilities for carrying out analysis were not 
available at the plant laboratory. 

It appeared that the most dependable measure of eff- 
ciency (certaintly the most practical) would be to re- 
move and weigh the total grease collected in the form of 
scum on the tank. Because of the baffle arrangement of 
the tank, grease could be collected over an entire 24 hour 
period—(see picture). By using a screen skimming 
device for coarse scum and a cheesecloth skimmer for 
fine scum the daily accumulation could be determined. 
The skimmings were drained to allow easily separable 
water to run off and were weighed in light metal 
(tared) cans. 

By weighing the relatively large 24 hour accumula- 
tion of grease, it is believed that reasonable accuracy of 
grease yield comparison was obtained. Since aeration 
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and all other conditions were maintained as constant as 
possible, it appears that differences in grease collection 
would indicate the effects from the addition of chlorine 
to the air. In this way, actual plant operating condi- 
tions were measured in a practical manner. 


Results of Operation 


Preliminary runs were made for a number of days, 
using only visual comparison of grease accumulating on 
the skimming tank, with and without the addition of 
chlorine to the air line. It was noted that, as would be 
expected, the grease yield on different days of the week 
showed wide variation. While it is recognized that a 
study confined to two weeks of operation may not be 
typical of yearly operation, at least the daily variation 
and an indication of chlorination effectiveness should 
be proven. 

As finally carried out, the experiment consisted of 
aeration with chlorinated air for the week of October 
22nd to 28th, 1936, and aeration in the usual manner for 
the week of October 29th to November 4th, 1936. At 
the end of each 24-hour period the total grease was col- 
lected and weighed. Daily sewage flow was recorded and 
varied between 3.0 m.g.d. and 3.8 m.g.d._ During the two 
week period the flow for corresponding days showed no 
more than 0.2 m.g.d. variation. In order to facilitate a 
comparison of removal results, the grease recovered has 
been computed on a million gallon basis. 

These results are given in Table 1. They indicate 
that a gaseous chlorine dose, averaging less than 1.5 
p.p.m. (based on sewage treated), effected increases in 
grease removal ranging from 189 to 442 percent. While 
there is wide variation in the daily amount collected, it 
appears that from Monday through Friday the percent 
of increase in yield is surprisingly constant. Saturday 
and Sunday grease collections, while less in amount, 
show higher percentage yields, which vary from 408 to 
442 per cent increase during chlorination. These results 
are compared in Table 2. On these days practically no 
industrial waste is received at the plant and the sewage 
is almost entirely domestic in nature, yet the percentage 
yield of grease was practically doubled. Figure 1 shows 
graphically the pounds of grease per million gallons of 
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‘iy. 1—Graphical Comparison of Grease Yields—With and W ith- 
out Chlorinated Air. 


TABLE 2—GREASE RECOVERY VARIATION WITH 
TRADE WASTE IN SEWAGE 


Monday 
Saturday to Friday, 
Wet grease, lb. /m.g. and Sunday Incl. 
(a) By temel DOrMBIOn. 2. 6..5s .cicesvisand 1.85 7.5 
(b) Chlorinated aeration .............. 7.95 16.5 
a eS ROR ae 430% 220% 
Chlorine dose applied (P.P.M.).......... 1.45 1.48 


CHLORINATED AIR IN GREASE REMOVAL 





The  Chlorinating 
Equipmeit. Obso- 
lete But Service- 
able and Compact 
Was This Old 
Style W&T “Dry 
Feed” Control 
Panel. Through 
Flexible Copper 
Tubing the Gas 
Was Taken to the 
Air Header. 





sewage as collected by the two methods. (Since the 
chlorine demand of the domestic sewage was naturally 
considerably less than that of the combined sewage, and 
the relative grease separation from the domestic sewage 
was considerably greater; it may be reasoned that, if 
practicable, a higher chlorine dosage would have yielded 
higher grease separations from the combined sewage. ) 


Discussion of Results 


While it was possible, in the Woonsocket experiment, 
to apply only a small dose of chlorine to the diffuser sys- 
tem, in the aeration of sewage for grease removal, the 
result indicates that a definite increase in grease separa- 
tion can be accomplished by this method with modest 
chlorine dosages. It was expected that the recovery of 
grease from this sewage, which contains a high grade 
content because of the industrial wastes present, would 
be more marked than from purely domestic sewage. The 
limited runs indicate, however, that the yield of grease 
from domestic sewage, when blown with chlorinated dif- 
fused air, may prove to be proportionally higher. 

The effectiveness of this method of grease removal, 
as applied to a strictly domestic sewage, is to be studied 
by C. E. Keefer and staff in more detail during 1937, at 
the main treatment works of Baltimore, Md. The re- 
sults of varying aeration time, chlorine dose, and other 
factors should indicate significant points in the process. 
And, if more complete removal of grease can be accom- 
plished effectively and economically by this means, the 
load on primary units, aeration tanks, trickling filters 
or sand beds may.be greatly reduced. In the case of pri- 
mary treatment, alone, grease filters on shore lines and 
waterways may be eliminated along with bacterial pollu- 
tions. 

Full acknowledgment should be made of the helpful 
guidance of Mr. L. H. Enslow, of the Chlorine Institute. 
Also, for the valuable assistance contributed in this ex- 
periment by Mr. E. K. Marrah, Superintendent of the 
Woonsocket plant, and by the plant operators who made 
weighings and took samples. The cooperation of the 
Rhode Island and New York Health Departments was 
of value in the work. Chlorine feed equipment was pro- 
vided by Wallace and Tiernan Co., and the liquid chlo- 
rine by Fields Point Mfg. Company of Providence. 
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A.W.W.A.'S CANADIANS 


O MONTREAL, its “organization cradle” of 1920, 
the 17-year old Canadian Section of the American 
Water Works Association returned April 14-16th 
for its 1937 meeting in this interesting cosmopolitan city 
of two languages and two peoples—French and British 
Canadians. In 1925, the year of the last meeting in 
Montreal, 167 was the registered attendance. This year, 
with only a few of the original 16 members on hand, 
the registration was 338, representing more than a 100 
per cent gain over any other meeting of the Section held 
in Eastern Canada. 

Believed to be financially the strongest A.W.W.A. 
Section and directed by a secretary, of whom there is 
no “whomer,” and who the Canadians are sending to 
A.W.W.A.’s Board of Direction as its contribution, the 
Canadian Section has grown in membership and in ser- 
vice to its members. Outstanding has been the work of 
Secretary Berry’s office in collecting, assembling and dis- 
tributing to members and city authorities “Canadian 
Water Works Statistics,” the value of which have been 
previously commented upon in this magazine, as a pat- 
tern for other sections in cooperation with the central 
offices of A.W.W.A. 

On hand was Executive Secretary Harry E. Jordan, 
from A.W.W.A. headquarters to observe the prowess of 
the Canadians; to hear members first hand appraisal of 
the good work of their Secretary’s office and the genuine 
value of the Water Works Statistics for the use of mem- 











F. P, Adams, City Engr. E. 
and Water Works Mogr., 
Brantford, Ont. 
(Retiring Chairman) 


V. Buchanan, Genl. 
Mgr., Public Utilities, 
London, Ont. 
(Incoming Chairman) 
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bers and, moreover, in focusing attention of others on 
the association, and, too, to compliment the Canadians 
and Secretary Berry on having the most efficiently run 
section in A.W.W.A., which could well serve as a model 
for others. In fact, he expressed the wish that other 
section secretaries could be present to share with him the 
inspiration gained. It was men like Canada’s Dobbin, 
who A.W.W.A. was privileged to make an Honorary 
Member ; and, men like Canada’s Berry who was being 
sent as a real asset to the National Board of Direction, 
that spelled success for A.W.W.A. 


Opening Luncheon 


Opening with a luncheon attended by 215, President 
I’, P. Adams recited a brief review of the Section’s his- 
tory since its birth 17 years ago in Montreal and what 
had been accomplished in water supply progress in Can- 
ada since. 

Montreal’s Mayor Pro-Tem, Omer Code, delivered a 
welcome (first in his native French and then in English) 
the high-light of which was the lamentable fact that 
water supply was so inadequately appreciated until there 
was some interruption of service or catastrophy. He 
pleaded for a greater appreciation of the public for the 
services rendered by water works engineers and oper- 
ators. 

Highly interesting and entertaining, was a “Travel 
Talk” by W. T. Randall, Canadian Manager for Nep- 
tune Meter Company, who had recently returned from 
South Africa where he arrived with the Russian Bal- 
let and left by way of Zulu Land, where the women do all 
the work and where sanitation and cleanliness were more 
impressive than in parts of civilized South Africa. Be- 
tween lion hunting with a camera, flying over Victoria 
Falls and dodging big snakes, it was reported around 
the rooms that Mr. Randall obtained orders for 4,000 
meters, but it was not clear how many went to the Rus- 
sian Ballet or how many to the Zulus. 


Closing Banquet 


Gay but orderly was the Annual Banquet followed by 
a floor-show put on by the Canadian Water Works 
Equipment Association. 

During the dinner a memorial on the late Wm. Gore, 
eminent consulting engineer of Toronto and long a 
valued member, was read by W. E. McDonald of Ot- 


























A.E. Berry, 

Chief Engr., 
Ontario Dept. of Health 
(Secy. and A.W.W.A. 

Director-Elect) 


Norman J. Howard, Di- 
rector of Purification, 
Toronto (AWWA Di- 
rector from Canada) 


tawa. To the family of the deceased was presented the 
certificate which memorialized the late member as a 
leader of the profession. To W. L. McFaul, City En- 
gineer of Hamilton, was presented the “Immediate Past 
President’s Certificate” as is the custom of the Section in 
recognition of outstanding services rendered it. 


The speaker of the evening, Dr. Wilfred Bovey, of 
McGill University, set forth some ancient and little 
known history of water supply engineering, when he 
traced water works developments back to 1,500 B. C. 
It was especially interesting to learn that the first water 
supply engineer, whose fame spread rapidly, was a Greek 
named Eupalinus. He constructed a supply system for 
Magara (Isthmus of Corinth) in the year 700 B. C. and, 
according to Dr. Bovey, immediately the city grew in pow- 
er and importance until it was a leading city of Greece. 
Eupalinus thereby gained international fame, for he was 
sent for by Polycrates, dictator of Samos (they even had 
those 700 B. C. also) and for Samos, on the Agean Sea 
180 miles distant, Eupalinus built even a finer water sys- 
tem. The next event making water works history was the 
Roman Aqueducts and then in 1582 Peter Morris put in 
the famous London Pump. Then, Dr. Bovey skipped many 
years to local water works history beginning with the 
Montreal water-haulers and thereafter (1801) the first 
Water Works Pond—a gravity supply privately oper- 
ated. The company failed along with the wooden pipes, 
and then a second company lasted 13 years. The third 
company installed a 14 H.P. pumping engine at the river 
but the service was so inadequate that it was bought 
out by the city in 1845. Then came the famous 1852 
report of the expert water engineer, T. C. Keefer, much 
of which, Dr. Bovey said, proved as sound advice today 
as when written 85 years ago. Keefer persuaded Mont- 
real to build a 5 m.g.d. (admittedly over sized) system 
but predicted growth and benefits to the city if beau- 
tified to attract tourists. (Subsequent history of the 
Keefer system and Montreal’s Water Works since, was 
the subject of presentation by C. J. DesBaillets, which 
appears later in this report.—Ed.) 


Officers Named 


The following were announced, elected as officers for 
the ensuing year: Chairman—E. V. Buchanan, Engr.- 
Manager, Utilities Comm., London, Ont.; Sec’y-Treas. 
—A. E. Berry, Chief Engr., Provincial Dept. of Health, 
Toronto; Trustees—A. D. Stalker, Ass’t Water Engi- 
neer, Ottawa; G. H. Strickland, Superintendent Filtra- 
tion, Windsor, Ont. Member of A.W.W.A. Board of 





Direction from Canadian Section—Dr. A. E. Berry. 
Note: Trustees carrying over are—C. J. DesBaillets 
(Montreal) ; A. B. Manson (Stratford) ; C. E. Brown 
(Meaford) ; L. G. MeNeice (Orilla). 


The term of N. 
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M. Pequegnat, 
Mgr. Water Comm., 
Kitchener, Ont. 
(Past-Chairmcen of the 
Section). 


J. Howard (Toronto), as Member of A.W.W.A. 
Board, runs through the National Convention in June. 


W. L. McFaul, City 
Engr., Hamilion, Ont. 
(Honored as Past- 
Chairman) 


Inspection Trips 

An afternoon was devoted to an inspection of the 
Montreal Filtration Plant, Pumping Stations and Res- 
ervoirs. A post-convention trip was taken to Jenkins 
Bros., valve plant, where luncheon was served members 
and guests—many of which took the opportunity to 
visit the Water Works of nearby Lachine. 

The ladies had many trips to points of interest in and 
around the city. 


Technical Sessions 
(Chairman, F. P. Adams, Presiding) 

“Boiler Feed Water Treatment,” by JAMEs VO. 
Meapows, Engineer, J. T. Donald and Company, Mont- 
real. 

Mr. Meadows discussed the causes of scale forma- 
tion, other undesirable characteristics of boiler feed 
waters, and methods of correction by external and in- 
ternal treatment. For the latter maintaining 40 to 100 
parts per million soda-ash in excess had been most suc- 
cessfully used as also had sodium aluminate. Lately, 
organic glucosides (tannin extracts) and chrom-gluco- 
sates had been more generally used in combination with 
alkali—especially sodium phosphate. In lime-soda treat- 
ment, aided by coagulants, the chemicals added all at one 
time received a 45 minute spiral mix downward through 
a central drop pipe.to the bottom of the deep circular 
up-flow tank, providing 6 hours detention and up-flow of 
not more than 8 ft. per hour. The hot process was pref- 
erable in being speedier and, thereby, allowing reductions 
in the size of plant. Also, more crystalline and filterable 
precipitates were produced without the need for ex- 
cess chemicals. 

In discussing Zeolite softening, Mr. Meadows consid- 
ered the process, on the whole, most satisfactory for 





Three of the Section's Trustees 


M. W. Rogers, Mgr. Water Works, Carleton Place, Ont.; L. G. 
McNeice, Engr. of Water Works, Orillia, Ont.; H. G. Strickland, 
Supt. Filtration, Windsor, Ont. 
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C. J. Des Baillets, Theo. J. Lafreniere, 
Chief Engr. Vontreal Chief Engr., Quebec 
Water Board (Conven- Prov. Dept. Health 
tion Host—has done : 
much for Montreal’s (Proud of water supply 


Water System). progress in Quebec). 

waters low in hardness and those high in sulphate hard- 
It was frequently advisable to pre-treat with lime- 
soda and finish through a zeolite unit. Thus, the total 
solids and sodium salts could be held down. To con- 
trol pitting the removal of dissolved oxygen, to leave 
less than 1 p.p.m., was also an important consideration 
in modern boiler water preparation. With such low dis- 
solved oxygen, waters became non-corrosive at pH 9.5. 

Some time was devoted to the so-called “Scale-Buoy”’ 
which is a sealed glass container partly filled with mer- 
cury. Mr. Meadows read excerpts from reports of in- 
vestigations, by others, which failed to show the advan- 
tages claimed by proprietors marketing the Scale-Buoy. 
When shaken in the water it is said to emit electrical 
charges—such charges exhibiting an effect which causes 
loose sludge like deposits rather than the otherwise 
tenacious hard-scale. It also reduces soap consumption 
where successful. 

N. J. Howarp (Toronto) in defense of “Scale- 
3uoys,” said that regardless of theory and laboratory 
studies there were several installations reported to be 
producing results of worth. He cited experiences of the 
Canadian Pacific Railway with Scale Buoys in engine 
tenders, and the Paige-Hersey Company of Welland, as 
well as others, who had testified to the practical effects of 
the mysterious Scale-Buoy. In his own experience hard 
scale had actually disintegrated and left the metal sur- 
face clean in a water still. However, in another case 
there had been no benefit. Restaurants had also ben- 
efited by placing miniature Buoys in their coffee urns to 
prevent depositions. 

M. PEQUEGNAT, Superintendent, Water Commission, 
Kitchener, said that Scale-Buoys had cleared the scale 
from the boiler tubes of Kitchener’s sewage plant. So 
thoroughly had it done so, that leaks resulted. In his 
home the household size Buoys had been effective in 
softening laundry and bath water. Strangely, it was not 
of much benefit, according to his wife, in dish washing. 

Mr. MeaApows in closing, said that he had presented 
the reports on Scale-Buoys for their worth. Admit- 
tedly one should not lose sight of practical experiences, 
and opinions should not be formulated precipitously. 

“Treatment of Organic Colored and Corrosive 
Waters” —By N. J. Howarp, Director of Water Puri- 
fication, Toronto, Ont. 

Mr. Howard's paper constituted a valuable summation 
of what has been learned in recent years concerning the 
most effective and least costly methods of removing or- 
ganic stain from water and rendering the finished prod- 
uct least corrosive. In non-technical language, his pres- 
entation was clear and understandable to engineers and 
managers, as well as chemists. He spoke of the ease of 


ness. 
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coagulating old (aged) color as compared with ‘fresh 
color, and the usefulness of pre-chlorination in artig- 
cial aging of resistant colloids, including coloring mat. 
ter. The latter, being most effectively coagulated in the 
acid zone (pH 4.0 to 5.5), the use of ferric iron salts 
had distinctive advantages in color removal. Chlorinated- 
Copperas, in particular, had proved an effective jnex- 
pensive iron salt, with ferric chloride and ferric sulphate 
being employed also. In iron coagulation, pre-chlorina- 
tion had been an added value in preventing dispersion of 
the iron and its reduction to the ferrous form. 

In difficult cases, Mr. Howard said that stage coagu- 
lation had been of benefit, both taking place in the pri- 
mary mixing device. The first stage a rapid acidic ¢o- 
agulation was followed by addition of more coagulant 
and an alkali to effect secondary coagulation at higher 
pH values (6.5 to 7.0). For this purpose filter alum 
and soda ash or lime, or sodium aluminate, seemed most 
effective. Beyond the optimum pH increase for best 
coagulation and floc settling, any additional alkali for 
corrosion control should be withheld for application be- 
yond the filters. He referred to the possibilities of color 
removal by super-chlorination, followed by dechlorina- 
tion through granular carbon filters. In very difficult 
cases, coagulation, aided by permanganate in conjunc- 
tion with pre-chlorination, had been reported efficacious. 

“Experiences in Color Removal at Ottawa,” by 
H. P. SrockweEti, Chemical Engineer, in Charge of 
Filtration, Ottawa, Ont. : 

Mr. Stockwell in reviewing experiences and develop- 
ments in operating Ottawa’s filtration plant, stated that 
color removal from the Ottawa River water was the 
chief problem. Spending $34,000 annually for alum as 
coagulant, the mixing period was 40 minutes followed 
by 3% hours settling. Filters had been sufficient to op- 
erate at 50 per cent of standard rate of 2 gal. per sq. 
ft. per min., but even so floc penetrated the beds and 
eventually reached the effluent. [loc formation and 
color reductions had been best between pH 5.5 and 6.1, 
but the original scheme of treating to reach an optimum 
pH had been displaced by total alkalinity measurements 
as the principal criterion. Likewise, a study of the chlo- 
rine demand of filtered portions of coagulated water had 
proved a valuable guide in obtaining the most effective 
coagulation. Addition of lime ahead of filtration had 
proved impractical. Control of filter washing had been 
materially improved by employing a small observation 
unit to determine rate of bed penetration and most effec- 
tive wash program and rates. All filter beds were being 
treated semi-annually with heavy dosages of chloramine 
to sterilize and loosen the coatings on the sand grains. 
Lime application to the filtered water raised the pH to 
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Snapped on the Inspection Trip 
1. Fiegehen, Kinney, Netbery from Toronto, 2. Charlie Richardson, Builders Iron Foundry Chief Engr., two members and two pipes; 
3. Ornate Entrance Foyer Montreal’s Low Level Pump Station; 4. In Canada Do as Canada Does—Jim. Kinney, Wallace & Tiernan 
Canadian Manager, and Harry Jordan, AW.W.A.’s Exec. Secy., Light Up a Pair of Dunhills. Harry's Was Presented to Him by 
the Indiana Section—Jim Kinney Had a “Good Year” Too. 


between 8.4 and 9.1, as the marble test for corrosive- 
ness indicated, required. Between 0.6 and 1.0 grain of 
wood burned lime (93% CaO) had been the amounts 
needed. 

Mr. Stockwell told of rapid onset of sludge putrefac- 
tion in summer, requiring basin washing at 3 week inter- 
vals. In checking putrefaction, powdered carbon had 
been a decided help. He also told of taste troubles ex- 
perienced during severe weather when mains were freez- 
ing. Apparently the ice had disrupted lime film de- 
posits on the interior pipe walls. Reducing the pH 
proved of help, but red water at hot water taps re- 
sulted in new complaints. 

Mr. Meapows (Montreal) spoke of a problem of 
color removal which had given considerable difficulty. 
Faced with high color and alkalinity of only 5 parts, the 
alum floc settled very poorly at pH 4.8 to 5.0, and filter 
effluent was hazy with the residual alum present. He 
asked for a possible suggestion. 

L. H. Enstow (New York City) said he would at- 
tempt it. He reviewed the mechanism of floc formation 
in color removal, which he referred to as “lake” forma- 
tion similar to dye settling in textiles. This meant that 
the work performed by the coagulant was entirely dif- 
ferent from that in turbidity removal or softening. The 
more the color present, the lower the pH zone of effec- 
tive “lake” formation, and the older the coloring matter 
the simpler the task. The fact that ferric iron was more 
effective on many colored waters could be explained in 
the lower solubility of the iron complex formed (the 
iron “‘lake”) as compared to that from aluminum com- 
pounds. He credited Dr. Hale of New York’s Water 
Department with having some years ago studied and re- 
ported on water decolorization phenomena with coagu- 
lants. The composition of the “lake” production ac- 
counted for the less alkalinity required per pound of co- 
agulant and, likewise, the fact that alkali added dis- 
persed or prevented the color compound from forming 
properly—some called it ‘‘color-setting.” Of consider- 
able interest to him, said Mr. Enslow, was the Ottawa 
method of determining effective coagulation by making 
chlorine demand tests, which in effect was a detection of 
the extent to which reducing colloids (including organic 
color) remained unprecipitated. It was just this that 
explained the mechanism of pre-chlorination. It was 
the oxidizing effect on such reducing compounds that 
gave the resultant value in more effective or economical 
coagulation. It must be appreciated that materials such 
as tannin or leaf and bark infusions were distinctly dis- 
persing or peptizing—i: c., were anti-coagulants, and 
especially so in the alkaline zone. The presence of nega- 
tive or acid ions in abundance was a distinct asset in 
color clotting and therefore some benefit might accrue 
from adding neutral or acidic compounds—never alka- 
line ions. Mr. Enslow said that he did not gather 
whether Mr. Howard had knowledge of the actual em- 


ployment of super and dechlorination for color destruc- 
tion (Bleaching) or was merely advancing the idea as a 
possibility. In either case he would say that the scheme 
had been proven and was put to actual use on small 
supplies by International Filter Company of Chicago. 

Mr. Howakrp replied that he based his opinion on some 
experimental work wherein with 3 parts of chlorine a 
color of 60 parts had been removed. He pointed out that 
the criterion was not the dosage of chlorine but the 
residual and contact. It was interesting that the higher 
the chlorine dosage the greater had been the disap- 
pearance of the excess chlorine, indicative of the mass 
law effect in chlorine attack on organic substances. 

Mr. MeEapows, rose to say that he had tried super- 
chlorination on the water in question, and with disap- 
pointing results. However, the dosage employed and 
residual carried proved to be less than might be con- 
sidered super-chlorination. Mr. Enslow replied that one , 
could not predict that even super-chlorination would 
prove practicable in Mr. Meadows’ problem; but, if tried 
again, should be carried somewhat further to reach a con- 
clusion. Three factors entered—to wit; residual chlo- 
rine, temperature, contact period. And, there was a 
possibility that pH and light might prove secondary con- 
siderations. 

WILLIAM SrTorrigE, Consulting Engineer (Toronto), 
who had been consultant on the Ottawa design, said that 
nowhere had the value of constructing and operating an 
experimental plant been so pronounced in final design 
and process selection as at Ottawa. To him a pilot plant 
was an investment of great merit. 


Intake Ice Problems 


“Frazil Ice Problems in Pumping Stations,” by 
Rosert Dorion, City Engineer, Lachine, Quebec. 
Mr. Dorion discussed the formation and behavior of 
frazil (snow) ice in streams and lakes, its behavior, dif- 
ficulties encountered at Lachine and method of correc- 
tion eventually worked out. Interesting was the ob- 


servations that under various names the slush ice, en- 
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F.W. Dorrance, Engr. of Constr. and Distribution; A. Kilpatrick, 
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Read Papers 


Robert Dorion, City Engr., Lachine, P. Q.; 
Chemical Engr. Ottawa’s Water Dept.; Jas. O. Meadows, Con- 
sulting Sanitary Engr. and Chemist, Montreal. 


H. P. Stockwell, 


countered in water works intakes, was all the same thing. 
At night it settled to lower depths and in the day rose 
to the surface. At Lachine the pump well screens had 
become blocked and later the 3 ft. diam. gravity steel 
intake line 10 ft. below water sur-..e had become choked. 
Temporary expedients had been tried with indifferent 
success, including running steam lines through the in- 
take. As the best overall permanent relief an auxiliary 
12-inch pump discharge had been connected into the 
intake pipe and a large gate installed to close off the 
intake at the pump well. By closing the gate and start- 
ing the pump slush ice in and around the intake was 
blown out as frequently as necessary. (If this digest 
of Mr. Dorion’s valuable contribution does not do his 
paper justice, it is because of the difficulty in following 
a fast reader, of a short and meaty paper, accustomed to 
reading and speaking in Canadian French.—Ed.) 


“Functions of the Quebec Streams Commission,” 
to be presented by O. E. Bourzsounaits, Chief Engineer 
of the Commission, was read in his absence by Mr. Gill, 
an associate, who expressed the regrets of the author. 
The Commission was established in 1911 but was with- 
out engineering staff until 1913 when stream surveys 
and gaging was started. Now all major Quebec streams 
had been studied and records were available. The ma- 
jor activity of the Commission had been the building of 
dams and reservoir systems to supply water to industry 
for power production and processing, the cost of opera- 
tion and financing being pro-rated to industries served. 
In one instance a single company had been served by the 
Gataneau River development and stood all costs alone. 
Reservoir system had been established on several streams, 
the more extensive works being on the St. Morris (680,- 
000 H.P.), the St. Francois and the Gataneau. 

Dr. O. LEFEBVRE, a past president of the Engineering 
Institute of Canada, said that in Canada all water rights 
were held in perpetuity as the property of the Crown 
and the practice of selling rights prior to 1927 had been 
stopped. Now such rights were leased 40 to 75 years. 
The reservoir schemes developed by the Commission had 
been on a self supporting basis with $750,000 guaranteed 
(pro-rated) annual return on $10,000,000 invested for 
the benefit of the industries of Quebec. 


The Water Works of Montreal 


C. J. DesBaiLiets, Chief Engineer of Montreal’s 
Water Board, reviewed the interesting history of the 
Montreal Water Works, which after many ups and downs 
had been purchased from the private proprietors in 1845. 
Interesting was the fact that prior to the establishment of 
the three-member Water Board in 1920 there had been 
a disastrous strike of water works employees who did 
considerable damage to pumps and broke numerous fire 
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hydrants. The result was that the city was without a 
vestige of water or fire protection for 4 days, durin 
which time bankers and lawyers became coal heaven 
and repair men, or any other thing to get water service 
back into being. 

Mr. DesBaillets then described the Montreal works 
of today, consisting of 300 m.g.d. filter plant capacit 
(half rapid sand—half slow sand) ; and chlorination 7 
electric-eye automatic control through specially designed 
equipment. The pumping stations served low level, in- 
termediate and high level districts through 6 service 
reservoirs floating on the pumps. However, the reser- 
voirs all told held but a 12-hour supply (100 m.g.), rep- 
resenting a weakness which a program for enlargement 
to 350 m.g. and consequent smoothing out of pump oper- 
ations, was designed to correct. 

Water-hammer had been successfully eliminated at 
all pump stations through the use of Larner-Johnson 
streamed Lined Needle Valves, properly adjusted as to 
closing speed. In recent years 24 to 48 in. trunk mains 
had been laid with reinforced concrete pipes. As to op- 
erating costs ; filtration and chlorination in 1936 averaged 
$1.61 per m.g. of which 53 per cent represented wages 
and salaries and 47 per cent for supplies and electric 
current. Pumping costs for low level service had been 
$4.75 per m.g. and intermediate service $5.49. In addi- 
tion to reservoir enlargements, plans were under way to 
extend the supply intake further from the shore line to 
take water having less pollution. 

F. Y. DorrAnce, Engineer in Charge of Construc- 
tion, in reviewing construction developments, said that 
joint compound used in recent years had proved more 
satisfactory than lead, and had saved $40,000 to $50,000. 
Experiences had shown the value of cleanliness in prep- 
aration of the joint, the bell and spigot being actually 
cleaned with gasoline and care taken to keep out clay 
and dust. The care had paid in effectiveness of joints. 


Round Table Topics 


“Fire Protection Charges” was the topic introduced 
by Ross L. Dosprn, Manager Utilities, Peterboro, Ont., 
who summarized the information collected by the Cana- 
dian Water Works Information Exchange. Hydrant 
rental varied from $2.00 to $80.00 per hydrant—the 
average being $40.00 and representing 46 cents per 
capita. In Peterboro the cost of fire protection was 
evaluated at 33 per cent of the annual costs of the water 
utility, which compared with 36 per cent in Toronto, No 
private fire protection charges had been established be- 
cause tax payment proved sufficient to meet costs. If 
not the case, private charges were justified. 

The Chairman said that where the water works had 
been operated under Utility Commissions more adequate 





From the Maritime Provinces 


A. A. Laflin, Supt. Water, St. Stephen, N. B. (Has an interna- 

tional plant supplying both sides of the border.) ; R. D. McKay, 

Engr. Provincial Health Dept., Nova Scotia, Halifax; J. S. 
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charges for fire protection had been the rule because 
they had the power to set rates. However, they had no 
power to enforce payments if the Council refused to pay 
such rates. 

Mr. BucHANAN (London), believed that the nearest 
approach to a correct figure for fire protection was to 
set up a hypothetical system sufficient for supply service 
only and deduct its estimated cost from the value of the 
existing system. The difference was the figure to be 
used as the base in calculating fire service charges. If 
such a method be adopted, London’s hydrant rental 
charge would be more nearly $55 than the $18.00 allowed 
the water utility. On the other hand the tax payers 
owned the system in the last analysis and he questioned 
that the method of paying for fire protection made much 
difference in the final analysis. 

Wa. StorriE (Toronto) thought that the per capita 
method of charging for fire protection was probably the 
simplest and most practical. Hydrant rental plans had 
weaknesses and the inch-foot main rate was not readily 
understood by Councils. 
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Service thawing was performed with a fleet of 5 
electric generator type portable thawing units, owned by 
the Water Department. Service thawing, in conse- 
quence, was no longer a major problem. During the 
past winter it had cost only $1.70 per service thawed in 
3 to 10 minutes, as against the average of $3.30 reported 
by Canadian cities in the Water Works Information 
Exchange. In an average winter 900 services, 30 mains, 
2,000 hydrants and 100 valves had to be thawed. 

Mr. MacDonald told of experiences with many taste 
complaints during periods of ice ring formation in mains, 
and following service thawings. Presumably the ice had 
stripped some of the organic deposits (lime film and tu- 
bercles) from the walls and bottoms of the pipes. Re- 
duction of the lime treatment for corrosion control had 
seemingly bettered the taste. To preclude street ice dan- 
ger due to hydrant flushing, they had used hose run into 
sewer manholes and flushed at night only in business dis- 
tricts. 

R. H. MartiInpALeE, Superintendent Water, (Sud- 
bury), reported troubles with hydrant heaving and shear- 











Caught by the Camera at Montreal 


1. “Dick” Williamson, Canadian Industries, Ltd.; 2. Henry Hadley, City Engr., Verdun, P. Q.; 3. P. Bromilow, Montreal Water 
Board; 4. O. E. Scott, Mgr. Utilities, Belleville, Ont.; 5. A. E. Ditchburn, Mgr. Utilities, Strathroy, Ont.; 6. Wm. Tate, Supt. 
Water, Picton, P. Q.; 7. Jack Diven, The Leadite Co.; 8. D. A. Pritchard, Vice Pres. Canadian Industries, Ltd. 


W. P. RepFEerRN, Toronto Consulting Engineer, be- 
lieved that when the water utility paid interest on its 
debentures it should be allowed a fair rate to cover fire 
protection. With a proper study to apportion the cost 
of the system between fire service and utility service 
(cost of mains being the most important difference), 
proper charges could be set up. On a hydrant rental 
basis the figure generally would be between $50 and $60 
per hydrant. 

“Frost Control and Cold Weather Operations” was 
the topic introduced by W. E. MacDonald, who recited 
experiences and practices wherein frost penetration ob- 
servations had revealed the ground frozen to depth of 
7 ft. 6 in. whereas in earlier years 5.5 ft. cover had been 
ample. Fire hydrant flow tests, frequently made in dan- 
ger weather, had served to reveal the rate of ice ring 
built up from the pipe wall inward. By introducing 
steam from self contained thawing trucks, and reversing 
the cross flow through certain sections of the grid sys- 
tem, growth of the ice ring had been checked with some 
success. Hydrant laterals were protected with felt insu- 
lation and where possible a tap was provided and service 
lines taken off from the laterals. As to hydrants: Em- 
ploying eleven men, all important hydrants were in- 
spected daily during danger periods, and hose connec- 
tion caps left loosened; all hydrants being inspected at 
least twice weekly. All 4mportant gate valves (roughly 
600) were in pits electrically heated or steamed each 
night. For emergency service a truck with steam boiler 
answered every fire alarm during the danger period, in 
readiness to thaw hydrants. Continuous information 
was supplied the Fire Department to insure the use of 
the most effective hydrants. 


ing off at the lateral connection until wrapping the bar- 
rels, with heavy asphalt roofing bound on with wire, and 
the hole filled with sand. Frost-casings had been found 
of questionable value. Mr. MacDonald commented that 
experiences in Ottawa had shown frost-casings worth 
while. 

Asked for his opinion as to the cause of tastes dur- 
ing main and service freezing, L. H. ENsLow said that 
this situation was not new to him. He had before heard 
of complaints of very foul odors coming on the heels of 
fronzen mains and services thawed electrically... He be- 
lieved the trouble due to disruption of the pipe slime and 
encrustations or tubercules, and possibly from the flow 
of electric current and heating of the pipe walls. He 
could only believe the lime reduction and taste improve- 
ment a coincidence. The slime deprived of oxygen, due 








W. S. Lea, Montreal Consulting Engineer; Wm. Storrie, Toronto 
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to the ice ring seal against the wall, probably pro- 
duced the same putrescent condition as noted in shallow 
streams and ponds covered with an ice blanket prevent- 
ing re-aeration. None of this was helped any by the 
crushing and, later, the scraping by the loosened ice ring 
or chunks of ice. It could be likened to pipe cleaning 
operation, with the consumer on the receiving end. Com- 
plaints, in U. S. cases, of the water “smelling like a 
sewer” indicated the foulness of the scoured off main 
coating and it probably had a metallic taste as well—im- 
parted by iron sulphide. Another experience of interest 
followed the dewatering of a long main incident to re- 
pairs. Since return to service, after being empty for 10 
days, the water had continued in bad condition (tur- 
bidity and soluble iron) for a considerable period and 
flushing had not cleared it up. 


(At this point, Mr. Buchanan, the Chairman Elect, 
took the Chair.) 


“Accounting and Record Keeping” as discussed 
by A. B. Manson, General Manager, Utilities Commis- 
sion, Stratford, Ont., revealed Stratford practices where 
the electric, gas and water utilities came under one or- 
ganization, thus making for efficiency and economy in 
meter reading, record keeping, billing. Water services 
were 93 per cent metered, with all meters in basements 
only. One reader covers 200 meters daily (50/50 water 
and electric) and reports abnormal readings promptly for 
immediate follow up. 

sills, mailed promptly, reached domestic consumers 
bi-monthly and large consumers’ meters were read week- 
ly or less frequently, as the case warranted, but billed 
monthly. Mr. Manson then covered in some detail the 
mechanics of the accounting operations and equipment 
involved. In reply to a question, he stated that the ac- 
counted for water could not be given because there was 
no checking of the water pumped against metered con- 
sumption. On this, Mr. Pequegnat reported that, with 
complete metering, Kitchener, Ont., could only account 
for 70 to 75 per cent of water pumped. And, Mr. 
3uchanan said that London’s (Ont.), record was 75 to 
80 per cent only. In reply to questions, Mr. Manson 
said that contract was always with landlords, who paid 
meter damage. Questionable takers and tenants had to 
maintain guarantee deposits. If requested by landlords 
apartments were metered separately. In similar cases, 
London required separate piping to such apartments. 


Water Works Systems of the Maritimes 


“The Supplies of Nova Scotia” were in part briefly 
described by R. D. McKay, Sanitary Engineer, Provin- 
cial Department of Public Health, Halifax, Nova Scotia, 
who reported 43 public supplies in the Province of which 


8 employed water treatment. The Provincial Health De- 
partment provided monthly examination of samples from 
each cooperating system. In describing several of the 
systems serving populations of 2,500 to 3,000 Mr. Mc- 
Kay named each by initials only, probably for reasons 
that both approval and condemnation of design, opera- 
tion and maintenance were set forth. The chief problems 
in Nova Scotia were algae growths and cross connections, 
specific failures in the latter being cited. 

“The Water Works of St. Stephen, New Bruns- 
wick,” was described by A. A. LAFLIN, Superintendent 
of Water, St. Stephen, N. B., who reviewed the history 
of the system installed by the Main Water Company in 
1885, purchased in 1905 by the city and revamped under 
F, A. Barbour of Boston, Mass., as engineer. The sur- 
face supply and filter plant were abandoned and dug wells 
30 ft. diam. and 20 ft. deep were put down in the St. 
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Croix River Valley yielding 1.5 m.g.d. safe yield of pure 
water at 6 ft. max. draw down—this being twice the 
average consumption of 750,000 g.d.p. Storage facilities 
consisted of 1 m.g. covered reservoirs at each end of the 
system. The St. Stephen system might be called an “Jp. 
ternational System” inasmuch as it served Calais, Maine 
also. Since 1930 the system had been 100 per cent 
metered. With $250,000 (1946) bonds outstanding 
$176,000 in the sinking fund gave St. Stephen a com. 
fortable position in water works finances. 


“The Water Works of Charlottetown, Prince Eq. 
ward” was described by J. A. MACMILLAN, Manager of 
the Charlottetown 3-member Water Commission which 
had had but 16 commissioners in 50 years, the present 
members having served 10 years or longer. Dating back 
to 1887 the system, serving 15,000 people through 3,000 
services, consisted of dug wells, with all pumping equip- 
ment in duplicate and twin mains from a tightly coy- 
ered reservoir, at total cost of $500,000 of which $300, 
000 had been retired. With fixture rates, and the larger 
consumers metered, the system had yielded profits 
turned over to the city quarterly. However, there was 
a requirement that such surplus could only be devoted 
to water works or sewerage purposes—the sewerage sys- 
tem also being under the Water Manager. Pleasant 
climate, and not a frozen main in 50 years, was the boast 
of Charlottetown. 


The meeting came to a close with the presentation 
of “Drought Experiences of 1936 in Ontario”—By 
Dr. A. E. Berry, which revealed the effects suffered by 
Southwestern Ontario, during the severe short drought 
of extreme temperatures, which resulted in the most se- 
vere conditions on record for the section during the pe- 
riod May to September. July, with rainfall 27 per cent 
of normal, was the worse month. The flow of one river, 
carrying sewage of 6 municipalities, was practically 100 
per cent sewage effluent when the normal flow of 400 
c.f.s. had dropped to but 47 c.f.s. Another important 
river carrying sewage of two municipalities had dropped 
from 632 c.f.s. to 38 and 36 in July and August. High 
temperatures and rapid evaporation made _ stench-pots 
of such streams. The surface water supply of Dundas 
failed completely, requiring tank car importation and 
pumping of heavily chlorinated auxiliary supply into the 
mains for sanitary usage and fire protection. 

Mr. StorriE (Toronto), rose to say that it seemed 
propitious to back the setting up of a Provincial Stream 
Authority in Ontario and the development of a water 
conservation and sewage disposal program. He thought 
the proposals of the Grand River Commission should 
be checked over by such a central authority, to prevent 
pit-falls and waste of money in its proposals concerning 
stream regulation and pollution abatement by a reser- 
voir system for dilution. 

F. P. Apams (Retiring Chairman), as Secretary of 
the Grand River Conservancy Commission, wished the 
members to appreciate that the original program of the 
Commission had started as a flood control undertaking 
some years’ back. Now it was the drought that focused 
attention on its proposals. While having no intention 
of discouraging or throttling treatment of sewages there 
was definitely a middle ground best served by a com- 
bination of flood and dilution control along with ade- 
quate but economically sound treatment of sewages. Fur- 
ther, industrial water and wastes treatment and dilu- 
tion were additional considerations. Whereupon, Mr. 
Storrie explained that he had not intended reflection, 
but thought that all such undertakings should be in 
liaison with a central authority. 

(Adjournment ) 
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SOME CONSIDERATIONS IN DESIGNING 
SMALL SEWAGE TREATMENT WORKS 


By W. B. WALRAVEN 


Consulting Engineer* 


Springfield, Ill. 


built for the disposal of sewage from our larger 

cities we are lost in amazement at the technical 
skill which brought them into being. To the planners 
and builders of these monumental works we figuratively 
doff our hats—they represent the foremost in the sani- 
tary engineering profession. 

Yet when I visit a miniature treatment works in a small 
town, struggling under the dual handicap of insufficient 
design and semi-trained supervision, I sometimes believe 
that the designers of these small plants have to exercise 
more ingenuity than is required for the creation of the 
larger plants. 

If the works be built by special assessment one will 
find that higher assessments may be levied within a city 
than in a small town, not from the legal standpoint, but 
from the standpoint of factual experience. The same 
general line of reasoning applies also with regard to 
sewer rental charges. We therefore find that there is 
more money per capita available for treatment works 
in the larger towns and cities, regardless of the methods 
of finance. Under conditions at all comparable, the 
designer of the small treatment works finds that he has 
less money per capita with which to build and finds 
also that the per capita costs are higher—a dilemna with 
two horns. Consequently, he is always having to use his 
ingenuity to devise new ways of accomplishing his pur- 
pose with the money available—especially when realizing 
that every part of a small plant costs more per unit of 
capacity than is true of larger plants. 

After a tentative layout is made for a plant, nicely 
balanced in all its units, the engineer makes his first 
estimate of cost. Usually he discovers that his plans 
are bigger than the municipal pocketbook, and he must 
scale down the size. The designer of a large plant finds 
that he can trim the cost by omitting units here and 
there and still retain sufficient capacity and flexibility. 

But picture the events taking place in the office of the 
little-known engineer designing a plant for a small town. 
In the first place he knew in advance that the funds 
available could not possibly pay for a plant really ade- 
quate in size. Consequently he calls upon the State 
Sanitary Engineer and begs to learn the absolute mini- 
mum requirements of the Department of Public Health. 
Then follow days of bickering, recriminations and heart- 
aches, with the State Sanitary Engineer torn between his 
duty to maintain safe and resonable standards, and his 
knowledge that it is better for the community to have 
a somewhat inadequate plant than to have none at all. 
Eventually a compromise is reached, but still the designer 
knows that the money will not stretch far enough. So 
he redesigns the details, hoping to save a little on mate- 
rials, then combines thé two primary tanks into one 
having a gross capacity equal to the two—but at a loss 
of flexibility. 

Single handed through it all he fights his way against 
great odds, pleading with the State Sanitary Engineer, 
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and changing the specifications to arrive at less costly 
construction, until at last the little plant is completed and 
put into service. Strangely enough it functions, turn- 
ing out an effluent not markedly different from the efflu- 
ent from the great plants. 


Basis of Design 


In the design of small sewage treatment works, the 
most important item is to arrive at a proper determina- 
tion of the present and the probable future flow, but gen- 
erally speaking the engineering fees are too small to 
allow the proper amount of preliminary investigation. In 
many instances engineers, in the absence of metered 
water records will predicate the volumetric design of the 
tanks upon an average flow of 100 gallons per capita 
per day, with a suitable allowance for future popula- 
tion increases and then allow 50 per cent excess for peak 
flows under normal conditions. If it should happen that 
the actual flow is only 50 gallons per capita per day, 
which is often the case in the smaller communities, then 
the primary tanks are needlessly large as compared with 
the other units. This is bad practice for more than one 
reason. In the first place the excess cost of the primary 
units takes money which ought to be used elsewhere. In 
the second place, too great capacity (and consequently 
too long retention in the primary tanks) may and often 
does permit the sewage to become septic before reach- 
ing the secondary processes, thus putting an unneces- 
sary burden upon other units, already pinched in the 
design. 

In small communities it is almost universally found 
that the fluctuations in flow are much greater than with 
large cities. This leads to the conclusion that the small 
plant should have greater flexibility, but there is scarce- 
ly ever the money available to provide that flexibility. 
Then too, a small industry such as a creamery, a brew- 
ery, or a packing plant, may deliver a waste which is 
staggering in proportion to the domestic wastes. Large 
communities are much less subject to high ratios of in- 
dustrial wastes to the domestic sewage. However, ex- 
ceptions to this statement may be found in Illinois, not- 
ably at Decatur and Peoria. 

Most of the smaller communities use less water per 
capita than is used in the larger cities. Consequently 
the designer of the smaller plant should know that the 
volume of sewage will usually be lower and the concen- 
tration of solids higher. Then too, it is usually found 
that in the absence of long detention in lift stations the 
sewage from the smaller town is less likely to be septic 
when received at the plant, due of course to the shorter 
length of time required for its flow from the place of 
origin to the treatment works. All of these factors 
should be analyzed carefully before attempting to design 
the various units, but more often than not are given only 
hasty if any consideration. 

It may not be generally known to engineers, but the 
State Division of Sanitary Engineering stands ready 
with its laboratory equipment and personnel to aid in 
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the examination of sewage flow and characteristics, and 
we should all take advantage of these facilities when 
questions arise. 


Choice of Process and Units 


In planning sewage treatment works, the engineer must 
weigh carefully the merits of the several types of treat- 
ment from the standpoint of their applicability to the 
particular situation. The major consideration in the 
small community is to have the plant as nearly fool 
proof and as simple to operate as possible. 

The activated sludge process appears definitely to pos- 
sess an advantage in most large installations. However, 
it is not as yet very popular in small cities, although we 
can cite excellent examples to the contrary. An acti- 
vated sludge plant requires somewhat more skill to oper- 
ate, and such skill as is not ordinarily available financially 
to the small town. A sprinkling filter may be operated 
more easily and will stand far more abuse. So far as 
first cost and annual cost are concerned, local conditions 
are of major importance, but in general there is little 
choice on an overall cost basis between these two types 
in the smaller installations. Operated with competent 
skill, the activated sludge plant will undoubtedly pro- 
duce a better effluent than the sprinkling filter, but the 
sprinkling filter has more to recommend it as a unit less 
subject to loadings variations and operating niceties. 

Chemical precipitation plants are coming into vogue 
for certain large installations requiring only an interme- 
diate degree of treatment, but are not as yet generally 
applicable to smaller communities unless the process be 
a seasonal one to relieve loadings on biological proc- 
esses. 

Intermittent sand filters are sometimes used although 
their adaptability to general use is questionable. It may 
be stated, without fear of successful contradiction, that 
the intermittent sand filter costs about as much to build 
and maintain as do the more usual types of treatment, 
and has the very serious disadvantage of being inoper- 
able during freezing weather. 

Primary Units 

In choosing the type of primary sedimentation unit 
for the small municipal plant, usually the field is quick- 
ly narrowed down to a choice of Imhoff tanks or primary 
clarifiers with separate sludge digestion tanks. The Im- 
hoff tank has many admirable qualities foremost of which 
is that normally it requires little attention—that is, when 
the digestion compartment is on good behavior. Units 
built sufficiently large, have been known to “run them- 
selves” for long periods without a great deal of atten- 
tion. However, when things go wrong with the diges- 
tion processes, an Imhoff tank appears to be a sorry 
piece of apparatus. The engineer should realize that cer- 
tain types of sludges, particularly from industrial wastes 
tending to create either too great alkalinity or too great 
acidity in the digestion chamber, may upset the upper, 
or flowing through compartment with disastrous results. 
This condition is likely to result when small plants try 
to handle milk products or brewery wastes. However, 
the Imhoff tank when behaving well, solves the vexing 
supernatant liquor problem encountered in separate 
sludge digestion tanks. Generally, the digestion com- 
partment of an Imhoff tank should have greater capacity 
than is required in separate sludge digestion tanks, be- 
cause of the impracticability of heating Imhoff tanks. 

Odor nuisance is far less prevalent with separate 
sludge digestion tanks than with Imhoff tanks. The sep- 
arate sludge digestion tank also lends itself more readily 
to the trapping and utilization of the gases of digestion. 

The usual alternative is to design primary sedimenta- 
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tion tanks with or without mechanisms, and to handle 
the sludge in separate digestion tanks. 


It may safely be stated that no plant should have leg, 
than two primary settling units, even though a single 
unit of equal capacity can be built more cheaply. It jg 
equally safe to say that digestion tanks should also pe 
in duplicate, unless adequate provision is made to lagoon 
bad supernatent liquor or foaming sludge. For prima 
sedimentation there is a measure of choice between fig 
bottom tanks with mechanisms, and hopper bottom tanks 
without mechanisms. However, it is my belief that the 
tanks with mechanisms produce so much the better operat- 
ing results as to justify their recommendation for the 
smaller installations. For secondary settling tanks, and 
particularly following activated sludge, it is considered 
essential to provide mechanisms, even though one may 
point to the successful operation of hopper bottom sec- 
ondary tanks in instances. Here duplication of units js 
highly desirable for most efficient operating. 


Details 


An almost endless discussion would be required to 
cover the subject of details of design. Capacity and 
choice of units are certainly of great importance, but as 
in other walks of life, “it is the little things that count.” 
A poorly balanced plant and even an insufficiently large 
plant may be operated reasonably well, provided the de- 
tails are arranged so that adjustments and changes may 
easily be accomplished. A good plan for the designer to 
follow is to put himself into the position of the operator, 
to go around mentally with him and to perform the actual 
duties required to make the plant run. It is in the manipu- 
lation of minor parts that the operator makes an abstract 
set of plans into a working reality. An engineer cannot 
design a plant so as to be self adjusting but he should 
leave it so that the required adjustmets may be made 
with a minimum of effort. 

In a general paper, little can be said about size and 
capacity of units, but as was pointed out above, such fac- 
tors as the presence of even a small industry delivering 
an organic effluent, the low water consumption of small 
towns, and the greater fluctuations of flow from hour to 
hour, all must be taken into account before attempting 
to design. Omitting consideration of industrial sewage, 
because that is a problem unto itself, I have certain 
definite and possibly heretical beliefs about capacities 
For a small community, where necessary to cut costs to 
build a plant, I would reduce the primary sedimentation 
units to the very minimum allowed by the State Sani- 
tary Engineer, and use the money thus saved for the 
enlargement of the units involving the biological proc- 
esses. I would also save enough money to provide what 
might be termed the niceties,—ample grounds, illumina- 
tion, sidewalks, some planting and shrubbery, to attract 
favorable comment from visitors and taxpayers. 

Good design calls primarily for duplication of units 
and flexibility without sacrificing simplicity. The smaller 
the plant, the harder it is to satisfy these requirements 
because of lack of funds, but unfortunately the small 
plants should be designed more carefully than the larger 
ones. The reason for this is that the operating personnel 
in the larger plants are more highly trained and there- 
fore more able to make the correct alterations. 


The Importance of Baffles 

Improperly designed influent details are probably the 
cause of more imperfect operation than any other single 
item. This will be appreciated by those who have ob- 
served the functioning of apparently duplicate grit ba-’ 
sin channels the influent ends of which are fed from a 
sewer coming in at even the slightest of angles. Then, 
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too, most of us have watched the short circuiting of set- 
tling tanks and have found it difficult to understand. It 
may be possible to better the operation of either a grit 
basin or settling tank by making slight adjustments of 
the baffles, yet how many times do we find the baffles 
made of concrete, or rigidly framed from structural 
steel? The same is often true of the weirs at the 
effluent end. To be effective they must be subject to 
adjustment and location change. . 

A grit basin and hand raked screens are simple pieces 
of apparatus but are seldom properly planned. An error 
frequently encountered is the omission of a drain to 
dewater one side for cleaning, or the inability to block 
off either channel at the effluent end. More often than 
not the screenings platform is too small for effective use 
and no provision is made to drain the screenings. 


Concerning Sludge Digesters 

The most serious objection to separate sludge diges- 
tion tanks (particularly at activated sludge plants) is 
the inability to handle the supernatent liquor during 
temporary upsets. If any units of the plant need to be 
in duplicate or to be liberally designed, digestion tanks 
should be. When a digestion tank goes bad, the correc- 
tion most frequently and most effectively employed in- 
volves the axiom “Jet it rest,’ but this is impossible with 
a single unit. On the other hand, liberal capacity will 
automatically prevent many upsets. If at all possible, 
provision should be made to send the supernatent liquor, 
at will, to the primary tanks, to the secondary tanks, to 
the sludge beds, or better still, to a lagoon in those situa- 
tions where an open lagoon is both practicable and possi- 
ble. Odor control and the usage of gas generated require 
that the digestion tanks be covered. In so doing, the 
utmost of caution must be observed to prevent the possi- 
bility of air getting back into the digester and, thereby, 
creating an explosive mixture. 

There is not a great deal of published information 
relative to the details of digestion tanks, and much re- 
mains to be learned relative to the area and location 
most effective for heating coils, the position of supernat- 
ent liquor outlets, sludge withdrawal pipes, and of sludge 
inlet arrangements. Speaking only for myself, I find 
a great deal of worthwhile information on these subjects 
in the 1935 edition of Volume 3 of “American Sewerage 
Practice” by Metcalf and Eddy. 

Effluent Return 


Good influent and effluent arrangements are more nec- 
essary on the final settling tanks than on the primary 
tanks. If a primary tank operates badly, the settled 
sewage may still be handled successfully by the subse- 
quent biological processes, but when the final tank goes 
bad, it results immediately in a bad final effluent. It is 
becoming good practice to provide means to return a 
substantial portion of the final effluent from trickling 
filters, to the primary tanks. This effects sewage dilu- 
tion and a reaction somewhat comparable to the return 
of sludge in the activated sludge process, and is par- 
ticularly recommended during dry weather for small 
plants handling the flow from combined sewerage sys- 
tems and those receiving considerable industrial sewage. 
In fact two plants in Illinois have bettered their operation 
by making such provisions after they have been in opera- 
tion for a time. ° 

Although the pumping equipment is the heart of all 
plants, it is seldom possible to provide completely dupli- 
cate units. The comparatively recent development of the 
variable speed motor drive gives a partial but practical 
solution to the question of duplicate units. 

Small plants should be equipped with laboratory facili- 
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ties sufficient to make tests for B.O.D., dissolved oxygen, 
pH colormetrically, suspended solids, and residual chlo- 
rine if chlorine be used. It is true that in most instances, 
the operators of small plants do not make all these tests, 
but no other single feature attracts so much favorable 
comment as a clean and well kept laboratory. The equip- 
ment need not be elaborate but should be serviceable 
and should be housed in a neat cabinet providing a clear 
view of its contents. This is good psychology, and often 
is the compelling influence toward the retention of an 
operator of higher degree of intelligence than would 
otherwise be employed. 

Too often we lose sight of, or fail to impress City 
Councils with, the fact that intelligent operation is just 
as essential as good design. We should all foster that 
idea before the plants are finished and convince the public 
once and for all time that the sewage treatment works 
operator shall be selected for merit and that later he 
shall be compelled to attend operators’ schools and techni- 
cal association meetings. 


In Summary 


Thus far I have striven to establish an alibi for the 
inadequacy of some of the smaller sewage treatment 
works, and in many instances engineers may properly 
and safely hide behind the alibi that there were insuffi- 
cient funds with which to build the plant as they should 
have liked to do. Unfortunately we also hear occasionally 
that the engineering fees were so low that the designer 
could not afford to expend the proper amount of time 
on the preliminary investigations or on the actual de- 
sign. This, I am afraid, is the real reason why some 
plants are poorly designed, but it is an indefensible alibi. 

Who loses, when due to insufficient fees, the design 
is illy planned? First, the municipality loses, because 
it does not receive proper value for the money expended, 
Second, the designing engineer loses, because he fails 
to receive just and fair compensation. Third, all other 
engineers lose, because a precedent is established, a scale 
of fees fixed in the minds of adjacent municipalities. 
Fourth, the reputation of the designing engineer suffers 
in the end—and with it the standing of other engineers. 
“Let him who is not guilty cast the first stone.” 

Too often we engineers agree with a City Council to 
perform engineering services for certain low percentages. 
Unfortunately we are not bound by any agreements nor 
recognize any uniform scale of remuneration for doing 
various classes of work. On a three per cent design fee, 
one can make good money designing a storm sewerage 
project costing a quarter million dollars. On the other 
hand the conscientious engineer will lose money on a fee 
of eight per cent designing very small sewage treat- 
ment works. Yet one can point to several instances where 
engineers have asked only four per cent for designing 
and superivising the construction of small plants. Herein 
lies the reason why so many glaring errors and defi- 
ciencies appear. The economical design of a small tank 
requires as much, or more, study than does a large one, 
but we do not charge as much money. Why? 

With all the above facts in mind, I lay much of the 
blame at the feet of engineers because of their failure 
to adopt and rigidly enforce a scale of remuneration com- 
mensurate with the magnitude and difficulties of the de- 
sign. Until such a sliding scale is adhered to we shall 
continue to find the smaller plants designed incompe- 
tently. Also, I might add, until the municipal authority 
is made to see that the cheapest engineer is not the least 
costly. 

Acknowledgement—The above article was presented 
as a paper before the Illinois Society of Engineers, Chi- 
cago, Il!., January 30, 1937. 
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AT STOCKTON 


By A. M. RAWN 


Associate Editor 


and 24, 1937, members of the California Sewage 

Works Association met for their Ninth Annual 
Spring Conference. Of two hundred fifty members as of 
the date of the meeting, one hundred sixty-four members 
and guests registered ; therewith, establishing two records 
—one in membership, the other in meeting attendance. 
After gathering for registration at the Hotel Clark in 
Stockton, members proceeded by automobile caravan to 
inspect the Lodi activated sludge plant and the North 
and South Stockton separate sludge digestion plants, now 
undergoing reconstruction. 

At a luncheon meeting, held jointly with the Engineers 
Club of Stockton, after a word of welcome from Vice- 
Mayor Woodrow Coale, Edward Hyatt, California State 
Hydraulic Engineer, briefly reviewed the problems and 
progress in the development of California’s vast Central 
Valley irrigation project. Friday afternoon was de- 
voted to a technical session, concluding with an oper- 
ators’ symposium on mechanical equipment for sewage 
works. At the evening dinner the Association’s Com- 
mittee on Awards presented the city of San Bernardino 
with the handsome bronze plaque* awarded annually 
to the member operating staff of that plant (in Califor- 
nia) which has shown the greatest improvement during 
the year and the best support by civic officials. The 
plaque was accepted by Bard Livingstone, superinten- 
dent of the San Bernardino Water and Sewage Depart- 
ment, on behalf of the city. Unlike most California 
cities, but becoming more prevalent elsewhere, the sew- 
age disposal facilities in San Bernardino are under the 
management of the Water Department. Following 
presentation of the Award of Merit, Mr. Earl M. Kelly, 
State Director of Public Works, addressed the group on 
problems involved in State public works construction in 
California. 

On Saturday morning members convened in a short 
business session given over largely to the discussion of 
current matters of legislation, voluntary registration of 
sewage plant operators, and the plant operators’ school, 
followed by discussions of the influence of cannery 
wastes on sewage plant operation, and sewerage prob- 
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*An award made possible through a donation for the purpose 
which was established by the Pacific Coast Office of Wallace and 
Tiernan Co. and in effect for several years past. 
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To San Bernardino the Award 
Theirs Was the Plant Showing Greatest Improvement. Bill Berg, 
Supt. Treatment Works, and His “Boss,” Bard Livingston, San 
Bernardino’s Supt. of Water Works and Sewerage. 


lems in the Pacific Northwest. The session was closed 
with an interesting account, by R. F. Brown of the Los 
Angeles City Engineer’s staff, of experiences and obser- 
vations during a trip of inspection through the Los 
Angeles outfall sewer. 

The Central Valley Project, by Epwarp Hyart, 
California State Hydraulic Engineer. 

Mr. Hyatt stated in part that the Central Valley Proj- 
ect was a plan for utilizing the water resources of the 
Sacramento and San Joaquin Rivers to provide water 
for existing developments in the two river valleys and 
the upper San Francisco Bay regions. The project in- 
volved 3,000,000 acres of settled land and a population 
of 900,000. In addition to irrigation betterment naviga- 
tion on the Sacramento River would be restored, and 
power to the amount of 1,500,000,000 K.W.H. was to 
be developed annually; costly intrusion of salt waters 
into the Sacramento River would be corrected and in- 
creased flood control protection would additionally bene- 
fit the area. 

The speaker noted that investigations for this vast 
work have been under way since 1920 and in the interim 
there had already been lost to State and Nation an 
amount sufficient to complete the project—about $170,- 
000,000. Upon completion of the work in about eight 
years, 50,000 acres of productive land today abandoned, 
plus 200,000 acres so seriously affected by water short- 
age as to be unprofitable, will be restored to the produc- 
tive area of California. The importance of the project 
is realized when considering that 40 per cent of the state’s 
area (66 per cent of its cultivated area), is to be relieved 
of the threat of ruin by water shortage, or salt water in- 
trusion. ‘ 

Stream Pollution of the Mokelumne River by 
Winery Wastes, by Paut A. SHaAw, Division of Fish 
and Game, State of California. Mr. Shaw directed at- 
tention to an investigation by State departments of con- 
ditions resulting from the discharge of wine slops into 
the Mokelumne River. A co-relation of production data 
with analyses of wastes indicated that the population 
equivalent pollution load from five tributary wineries 
was such that the river provides dilution varying from 
1.5 to 3.2 cubic feet per second, per thousand popula- 
tion equivalent. In addition, six wineries are favorably 








located to discharge wastes into the river if so per- 
mitted. mr ; 

The physical characteristics of the river were such that 
two critical areas of low dissolved oxygen content occur 
during the period of waste disposal, the most critical 
being located twenty-five to thirty-five miles below the 
major sources Of pollution. In 1936 dissolved oxygen 
in this area was approximately 46 per cent or normal 
and, on the basis of the 1936 observations, are believed 
to have been less than 25 per cent of normal in 1935. 
The available rate of surface re-aeration had been calcu- 
lated from the physical and chemical data, such value be- 
ing approximately 110 pounds per acre per day at zero 
saturation, with re-absorption at higher saturations pro- 
portionately lower. Mr. Shaw stated that heavy growths 
of fungus, a dark appearance of the water and lowered 
pH also result from contamination by winery wastes. 

To correct the disastrous effects on fish life, the Divi- 
sion of Fish and Game had issued an order prohibiting 
further discharge of still slops into the river and, in 
consequence, the California Wine Institute is providing 
assistance to its member wineries, seeking a satisfactory 
means of disposal. 

Treatment of Effluents, by S. I. Zack, Sanitary En- 
gineer Filtration Equipment Corporation, New York 
City. 

Mr. Zack prefaced his remarks with the statement 
that until about five years ago the methods of sewage 
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The author continued with a resumé of operating costs 
and data from operating plants and directed attention to 
the new type of downflow magnetite filters to be erected 
at Denver, Minneapolis and Cleveland. He stated that 
with a 0.5 m.m. grain size, rates of 2 to 4 gals. per sq. ft. 
per min. are workable, while at 0.85 millimeters grain 
size, rates of 2.5 to 6 may be filtered. In both instances, 
the rates applied only when filtration has been preceded 
by one hour or more of sedimentation. 

Mr. Zack concluded by directing attention to five posi- 
tive economies which the magnetite type of filter will 
effect: (1) Savings in chemicals to accomplish a definite 
treatment; (2) Reduced size of tanks to obtain uniform 
effluent ; (3) Ability to “polish” preliminary or second- 
ary effluents; (4) Prevention of secondary depositions 
of solids in diluting waters; (5) Improvement in the 
esthetic value of effluents. 

Operators Symposium, Mechanical Plant Equip- 
ment—Nine plant operators contributed discussion 
and remarks. In general, the remarks were directed to- 
wards improvements and economies which had been 
effected in the plants during the past year or so. Some 
of the operators, however, took this occasion to present 
a frank discussion of the types of equipment which, ob- 
viously unsuited to sewage treatment works, are still 
from time to time being installed. Particular atten- 
tion was directed to types of sewage pumps and to 
pump bearings. The operators agreed that vertical cen- 
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"Brass Hats" and the Boys That Do the Work 


(1) Lodi’s Fred Post (Supt. Treatment Works) and Clinton Henning (City Engr.); (2) “Alex” Bell (C.S.W.A. Vice Pres. 
and California’s Pioneering Chlorinator Peddler, and Expert Ink-Well Dodger, in Those Early Days for “W &T”); (3) Lysle 
Peyton and Fred West (Twin Operators of Palo Alto’s Sewage Treatment—Cannery Waste Disposal Plant). 


treatment left a wide gap between primary and second- 
ary processes ; that the revival of chemical treatment and 
development of automatically cleaned magnetite filters 
had provided an effective process intermediate between 
the two. In addition, these straining units had sup- 
plied a means for correcting or improving effluents from 
secondary as well as primary processes of treatments. 

In contrast with magnetite filters, which have been 
comprehensively tested and for which data are avail- 
able from full-scale plants, Mr. Zack stated that there 
is little available information regarding sewage filtra- 
tion through backwashed sand filters; that only modest 
experiments had been made here and abroad with the lat- 
ter and these on such a scale as to render no conclusive 
evidence. 

By means of charts and diagrams the author illustrated 
the futility of attempting to judge a treatment plant 
process, particularly with respect to the removal of 
suspended solids by merely indicating the percentage re- 
duction which the process achieved. He pictured the 
fact that the higher the influent settleable solids (con- 
trasted with suspended solids), the greater will be the 
percentage removal by any process; and, went on to say, 
that subsidence followed by filtration would produce a 
more uniform effluent—i. e., one reflecting less of the 
varying characteristics of the influent and one suffer- 
ing less from the vagaries of process, than any other in- 
termediate process. 





trifugal pumps should be installed only where the hori- 
zontal type (close coupled), could not be placed; that 
impellers for sewage and sludge pumps should be of the 
hardest and most durable metal and that all sewage and 
sludge pump bearings should be of the split sleeve type 
and hard steel babbitt lined. 

It also appeared to be the consensus of opinion that 
submerged sewage and sludge equipment, with moving 
parts, should be avoided whenever possible and that the 
most acceptable type was that which presented the few- 
est number of underwater parts. Some surprise was 
expressed by operators at the persistence with which en- 
gineers designed sewage treatment works with poor 
cleansing and drainage facilities; with multitudinous 
stairs and ladders to climb and with mechanical equip- 
ment bunched together, making for difficult maintenance. 
It was, in a measure, an operators’ field day and while 
many of the indictments were humorously made, they 
were none the less barbed and, from the operators’ view, 
very much to the point. All agreed that caravans and 
meetings of the Association afforded a splendid oppor- 
tunity to see and hear of improvements as well as the 
mistakes made by others. The discussion closed with the 
suggestion that a little consultation between the design- 
ing engineer and an experienced plant operator might go 
far toward the smoothing out of unnecessary operation 
annoyances and reductions in cost of operation or main- 
tenance. 
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Carl R. Green, State Sanitary Engr. of Oregon; Prof. Leon B. 

Reynolds, Leland Stanford Univ. (Charter President of 

C.S.W.A.); Paul R. Shaw, Engr. California Fish and Game 
Commission. 


Cannery Wastes at Palo Alto, by J. H. KIMBALL 
and T. R. Grecory, Plant Operators, Palo Alto, Calif. 

Although the population of Palo Alto was but approxi- 
mately 20,000 (1.6 m.g.d. average flow) the authors re- 
vealed that with the local cannery in full operation, the 
population equivalent of sewage inflow reached a peak of 
57,000 per day at the Palo Alto primary treatment (sep- 
arate digestion) plant. By careful laboratory analyses 
they had determined the following average population 
equivalents for the canning plant when operating on dif- 
ferent packs: Spinach (21,000); Tomatoes (35,000) ; 


Peaches (37,000); Apricots (6,000). 
During the canning season of 1935 cannery wastes 
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the three states, there are but three cities employin 
complete treatment. Treatment works at Yakama, Wash” 
now nearing completion, would make the fourth. 
In describing the Yakama works the speaker directed 
attention to an unusual condition of flow, stating that 
during the three months: December, January and Febru- 
ary, when irrigation water was not being used, the daily 
average flow in the sewers amount to 4 m.g.d. During 
the irrigating season this flow increased to 18 m.g.d., due 
to the raised ground water level and leaking sewers, 
Mr. Green briefly discussed sewerage facilities in Se- 
attle, Tacoma, Portland and Boise where, at present, dis- 
posal is by direct discharge of raw sewage in neighbor- 
ing lakes or rivers or in the case of Seattle and Tacoma, 
into Puget Sound. He commented on the heavy increase 
in flows during the cannery seasons ; the burdens imposed 
upon the Columbia River and its tributaries, by sulphite 
wastes from paper mills. More recently state health 
authorities, acting in conjunction with fish and game com- 
missions and the Isaac Walton League, had been bending 
every effort in an attempt to preserve the purity of the 
Northwest streams for recreational purposes. 
“Inspection of the Outfall Sewer of Los Angeles 
City,” by R. F. Brown, Assistant Maintenance Engineer, 
Sewer Department, Los Angeles. 
In a talk, profusely illustrated with lantern slides, Mr. 
Brown described his trip of inspection through some ten 
miles of the 12-foot diameter Los Angeles City outfall 




















At Stockton's Reconstructed Plant 


(1) Lyle Peyton, City Engineer, and Fred West, Supt. Treatment Works, Both of Stockton; (2) J. H. Van Norman, Chief Oper- 


ator, Los Angeles City Disposal Plant (Hyperion), and C. F. 


Tenent, Chief Operator, Los Angeles County Treatment Works (Har- 


bor City); (3) Sam I. Zack, of Filtration Equipment Corp. (A Long Way from Home), and Prof. Charlie Hyde, of California 
University (Needs No Introduction to Readers of WATER WorRKS AND SEWERAGE). 


reached the plant uncomminuted and floated on the sub- 
sidence tank to a depth of 2.5 feet, at such thickness the 
automatic skimmers failed to function and the tanks 
were skimmed by hand. The situation being explained 
to the cannery, a comminuting machine had been installed 
in 1935 and the condition with respect to floating solids 
greatly alleviated. 

In a chart of analyses for two seasons’ operation, the 
excessive rise in B.O.D. values in the effluent from the 
primary sedimentation tank was clearly illustrated; and 
this observation brought forth a general discussion of 
the probable effects of disposing of ground garbage in 
sewers. This in respect to added stream pollution or the 
over loading of secondary processes and expense of plant 
extension and power use. It would appear, from Palo 
Alto data, that ground garbage will raise the B.O.D. 
of primary effluents more than the unground, but that 
grinding greatly facilitates subsidence. 

Sewage Disposal in the Pacific Northwest, by 
Cart E. Green, State Sanitary Engineer, Portland, Ore. 

Mr. Green, past president of the Northwest Sewage 
Works Association, told of the efforts toward pollution 
abatement which were being made in Washington, Ore- 
gon and Idaho, stating that until recently nearly all sew- 
age disposal in these areas has been by means of dilution 
in inland rivers or in lakes or salt water; that today in 
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sewer leading to the disposal works at Hyperion. The 
speaker, equipped with oxygen helmet, flood lights, cam- 
era and a short-wave radio sending set, floated in a small 
boat from manhole to manhole inspecting the sewer’s in- 
terior tile lining and photographing representative views. 
From overhead his location in the sewer was noted by a 
party following along on the ground surface and Brown 
talked directly to them via radio,* describing conditions 
as his boat progressed—the ground party noting the sta- 
tions. 

The inspection was made with the sewer in operation 
to avoid bypassing into an adjacent drainage canal and 
discharging raw sewage directly upon pleasure beaches. 
Sewage in the line is septic and the air so deficient in 
oxygen as to make such a trip hazardous in the extreme. 

3rown noted and photographed many locations where 
oxidized H,S had attacked the concrete sewer’s interior, 
spalling off the vitrified clay liner blocks installed as a 
protective measure, and penetrating the concrete for a 
number of inches. Such places were identified for fu- 
ture repair. The trip of inspection caught the popular 
imagination, and Brown’s ride to fame through a sewer, 
has resulted in his being commissioned “Admiral of the 
Los Angeles Sewer Navy.” 

{[*We would hazard a guess that this represents the very 


newest and most novel of the many uses of radio transmission. 
—Ed.] 
















ILLINOIS SECTION SEES 
ADVENTURE IN WATER 


WORKS PLANNING 


By H. E. HUDSON, Jr.* 


Chicago, Illinovs. 


ing, the members of the Illinois Section, Ameri- 

can Water Works Association, attended a two-day 
session on April 29th and 30th at Springfield, Illinois. 
Highlight of the meeting was the inspection of the 
Springfield Water Departments’ new Lake Springfield 
and new filtration plant. On this trip, during which a 
buffet luncheon was served at the beautiful beach house 
on Lake Springfield, the members heard a comprehen- 
sive paper by S. T. Anderson, Springfield Water Works 
Superintendant, on the development of the Lake Spring- 
field project, and saw the recently completed water 
treatment plant. This plant, a softening plant, features 
brief pre-treatment with lime and a coagulant, followed 
by filtration at high rates through very coarse sand. 
Though recarbonation is not used, carbonate stability is 
automatically achieved. 

The technical sessions were held at the Abraham Lin- 
coln Hotel and the attendance was large at all sessions. 
At the banquet on the evening of the 29th, entertain- 
ment was furnished by the City Water, Power and Light 
Chorus of Springfield, and by Genial George Prindle 
who spoke on something or other. National Secretary 
Harry Jordan, stressed the value of the A.W.W.A. to 
members and the value of strong sections to the 
A.W.W.A. 

Chairman-elect is Frank C. Amsbary of Champaign, 
and Ray Crozier, Peoria, was elected Vice-chairman, 
with W. D. Gerber of Urbana repeating as Secretary- 
Treasurer. The Section plans to sponsor operators’ con- 
ferences as a means of organizing the Illinois water 
works men and giving them valuable in-service training. 
Though no definite action was taken on licensing, the 
general opinion seemed to favor voluntary certification 
for the time being. 

Dr. Max Suter, Illinois State Water Survey, de- 
scribed an accurate method for hardness determination, 
using titration of the neutralized sample with potassium 
palmitate in the presence of an indicator. L. A. 
NALESFSKI told of some of his work on the test at 
Decatur. 

According to James G. Weart (State Department of 
Public Health), in his paper describing results of a re- 
cent Ilouride survey, there are 330,000 people in IIli- 
nois receiving water containing at least 0.9 p.p.m. of 
Fluoride. 

Joun R. Baytis, Chicago Experimental Filtration 
Plant, decried the failure of present-day washing proce- 
dures to keep the filter beds in condition good enough 
to produce satisfactory water, and told of a number of 
recent experiments on filtering media and washing me- 
dia. Roy Graves of Springfield told of glass tube 
filter experiments and their results. 

W. H. Loveyoy (Louisville, Ky.), outlined the re- 
markable efforts of the Louisville Water Company to 


*Junior Sanitary Engr., Dept. of Public Works, Chicago, IIl. 


Li by that pioneer, Chairman Charles H. Spauld- 
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maintain water service through flood difficulties. An 
amusing feature of his talk was the statement that a most 
valuable auxiliary proved to be a baptismal suit borrowed 
trom a nearby church. And, C. M. Roos (Cairo), told 
how it feels to spend two weeks in a flood-surrounded 
town with water lapping at the top of the levees and 
sand boils erupting underfoot. He gave a general resumé 
of the effects of the flood on Southern Illinois. Some in- 
teresting water works engineering stunts were described 
by H. A. Sparrorp (Ill. Dept. of Public Health). Some 
of these were: the operation of a well pump with tractor 
power, a chemical feeder with a washing machine motor, 
and a mixing basin operated with an outboard motor. 

Pror. SEIcHI Konzo described some interesting ex- 
periments on a full-sized house at the University of IIli- 
nois. It was found by these tests that air-conditioning 
methods using small quantities of water were as cheap 
as methods requiring large supplies of water. 

EK. N. Bowes, Westinghouse Electric and Mfg. Co., 
gave a general description of air-conditioning equipment. 
And how air-conditioning is affecting the water supply 
and sewerage system of Chicago’s central district was 
told by L. D. Gayton, Chicago’s City Engineer. The 
water supply is adequate, but the sewers are taxed to 
capacity by the air-conditioning load. Mr. Gayton gave 
some useful unit figures for calculating the effect of air- 
conditioning on water and sewer uses. (More of this 
at the A.W.W.A. Convention.—Ed. ) 

W. D. Gerser, State Water Survey, presented a paper 
on the availability of ground waters for air-conditioning, 
telling of the temperatures and quantities of water to be 
found in various parts of Illinois. 


v 
Columbus Dedicates the Gregory Library 


The professional library of the late John H. Gregory, 
Professor of Sanitary Engineering at Johns Hopkins 
University and for 22 years consultant to the City of 
Columbus, Ohio, was formally accepted and dedicated 
by Columbus officials on May 7th, with appropriate cere- 
monies. Officially the new library becomes known as 
“The John H. Gregory Sanitary and Municipal Engi- 
neering Reference Library.” It was presented at Profes- 
sor Gregory’s especial request as an expression of appre- 
service with the City. The committee in charge of the 
dedication was headed by Clarence B. Hoover, Director 
of Utilities. 
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PENNSYLVANIA OPERATORS 
MEET WITH FOUR STATES SECTION 


and 23rd the Four States Sec- 

tion of A.W.W.A. and the 
Pennsylvania Water Operators 
Association met jointly. 

The forenoon of the first day 
was devoted to presentation of 
papers followed by an afternoon 
tour of Franklin Institute. That 
evening, followed the dinner and 
dance with good entertainment 
and an outstanding talk on “What 
A.W.W.A. Means to An Oper- 
ator’ by H. E. Jordan, Execu- 
tive Secretary of A.W.W.A. 

The forenoon of the second day was devoted to a 
classroom method of discussing and analysing “Operat- 
ing Problems”—the “professor” being a real one, in the 
person of Professor Lewis Carpenter—borrowed from 
New York University for the day. 


[° Philadelphia on April 22nd 





Harry M. Freeburn 


Business Meeting 
(Chairman Ezra B. Whitman, Presiding) 


The following resolution was presented, discussed and 
passed by the Four States Section: 


A Resolution Condemning the Appointment of Local 
Agents for Consulting Engineers and 
Water Works Materials 

Whereas during the past few years open price agree- 
ments have brought about uniform prices on a number 
of water works materials and whereas there has re- 
sulted a tendency on the part of manufacturers to sub- 
stitute favoritism for competition by the appointment of 
local agents who are unfamiliar with the water works 
requirements of such materials and perform no service 
in delivery. 

Whereas there is a growing tendency for local agents 
to influence the appointment of consulting engineers and 
the fees to which they are entitled for their services. 

Whereas this practice tends to embarass the purchaser 
in his selection and increase the cost of the materials to 
the utilities and in the end to the ultimate consumer ; 

Therefore Be It Resolved by the membership of the 
Four States Section, American Water Works Associa- 
tion that the practice of appointing such local agents be 
condemned and that every effort be used to discourage 
and eliminate it as soon as possible. 


Officers for Ensuing Year 
Officers named for the ensuing year are: 
Chairman, Harry M. Freeburn, Philadelphia, Pa. 
Vice-Chairman, Carl J. Lauter, Washington, D. C. 
Sec’y-Treas., Carl A. Hechmer, Hyattsville, Md. 
A.W.W.A. Director, Chas. H. Becker, Philadelphia, 
Pa. 
Trustees, I. M. Glace, Geo. R. Taylor, Abel Wolman, 
Edw. S. Hopkins, Ezra B. Whitman (Immediate Past 
Chairman ). 
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A Discussion of Operating Problems 


Professor Lewis V. Carpenter, employed the best 
wiles of his profession in developing, discussion, ques- 
tions, answers and arguments while conducting a 
“school” on “Operating Problems.” 


(1) The Relationship of Air Conditioning to 
Water Supply was opened by L. L. Lewis, Chief En- 
gineer of the Carrier Corporation, who briefly reviewed 
previously published data by him pertaining to water con- 
sumption as influenced by modern air conditioning (see 
WATER WorKs AND SEWERAGE, February, 1936, p. 61; 
September, 1936, p. 335). During 1936, he said, 125 
million dollars worth of air conditioning equipment had 
been installed in the United States, with Washington, D, 
C., taking first place in having reached 40.5 per cent of 
the predicted saturation limit in installations. In the 
Four States Section area Philadelphia had been second 
and Baltimore third. Because of the fact that the com- 
mercial and industrial installations conserved water by 
recirculation developments to the present had not put a 
noticeable load on water plants. In the future extension 
of air cooling to residences, where water was not recov- 
ered, there was more of concern for the water utility 
management. Such load expected during the 2 to 3 
months when demands were already great, was some- 
thing to be thinking about. 


Carv J. Lauter, Superintendent Filtration, Washing- 
ton, D. C., said that they had not been able to ascribe 
more than a 5 per cent increase in water demand to air 
conditioning in 1936. Mr. Lewis, however, said that 
circumstances in Washington rendered, the 5 per cent 
increase misleading as a true index of water usage in 
conjunction with the rapid growth of large air condition- 
ing installations there. Mr. Carpenter cited cases where- 
in sanitary sewers and treatment works had been over- 
loaded due to air conditioning installations (notably 
from private supply) which wasted practically all of 
the water. 


(2) “Bacterial Pick-up in Distribution Systems.” 
Mr. Lauter, being asked for his exprience, said that in 
winter no trouble had been experienced but in summer 
the pick-up of bacteria had been noticeable. Since using 
the ammonia-chlorine treatment the trouble had been 
much less pronounced. Comparison between the tap 
water from the two plants had especially indicated the 
efficacy of residual chlorine carried out to the reaches 
of the system. Mr. Lauter said that in chlorinated sam- 
ples residual was destroyed with thiosulphate at the time 
of sampling, if samples were to be held before starting 
the bacteriological work. The practice made a difference. 


L. H. Enstow, asked for his experiences, said that 
Mr. Lauter’s diagnosis seemed the proper answer. Bac- 
terial muitiplication in the coating on the walls and depos- 
its in mains being subdued in winter (low temperature 
water ) came into action when the water became warmer. 
The same phenomena caused corrosion on dead ends and 
bad tastes or odors. By ordinary chlorination the trou- 
ble spots were not reached without too excessive chiorine 
dosage at the plant, whereas the persistency of chlora- 
mines made it possible to reach the ends with a residual 
and minimum taste. In the pipe slime organisms flour- 












ished and even the coli-aerogenese group seemed to mul- 
tiply there. While having no real health significance the 
records looked bad and unfortunately there was no way 
of proving the unimportance of the slime picked up 
organism from those coming into the treatment plant. 
In the end, it was far preferable to eliminate the pick- 
up; thus, have nothing to explain away in the records, 
and sleep more soundly at night. 


Mr. Brusu, said that he had for many years had coli- 
aerogenes in the New York system but hadn't lost any 
sleep over the fact, since the laboratory had assured him 
that they were only attenuated forms of coli. 


A member advanced the interesting theory that bac- 
terial pick-up was due to the fact that deficient chlorina- 
tion merely stunned some resistant forms which later 
revived out in the system. 


E. F. DoNALpson, Superintendent of Purification, An- 
napolis, Md., reported that since using ammonia-chlorine 
treatment (1:5 ratio), there had been an increased bac- 
terial pick-up and with it dirty water on the dead ends. 
(It later developed that the Annapolis mains, used for 
many years prior to filtration to remove iron, man- 
ganese and organic matter, were probably badly coated. 
The ammonia-chlorine treatment had been causing the 
slime to slough off and disintegrate. From the slime 
had come the bacterial pick-up in the absence of sufficient 
residual chlorine. It seemed to be time to do some seri- 
ous main flushing rather than unloading manganese or- 
ganic coatings through services. Now started, it is prob- 
able that the sloughing will continue even if the am- 
monia treatment be stopped.—Ed. ) 


F, E. Stuart, President, Activated Alum Corpora- 
tion, Baltimore, Md., remarked on the relationship be- 
tween taste occurrences on dead ends, heavy draughts or 
flushing, and bacterial pick-up. He believed that studies 
of 20 degree counts would reveal the reason for oxygen 
depletion, tastes and corrosion. There seemed, likewise, 
to be a relationship between chlorine demands and dead- 
end troubles, including aftergrowths. In this consider- 
ation, the complete satisfaction of chlorine demand in 
pre-treatment yielded filter effluents with chlorine de- 
mand practically satisfied. 


Wm. C. Emicu, City Enginer, Coatesville, Pa., re- 
ferred to troubles, seasonably, in destroying 48 hour gas 
formers which seemed to be of a resistant spore forming 
type. They seemed to possess no sanitary significance. 


L. H. Enstow then told of a case of bacterial pick- 
up which had given him as an operator (not to mention 
the city health laboratory) much concern. The trouble 
was finally traced to decaying wood in an elevated tank. 
He had often thought, since, how relieving it would have 
been in 1915 to have had ammonia-chlorine treatment 
and residual chlorine to “pickle” that piece of trouble 
making wood. 


(3) “Losses in Distribution Systems.”—S. F. 
NEWKIRK, Superintendent Water Department, Eliza- 
beth, N. J., the first “victim” called to an accounting by 
the Chair, said that they had been collecting for 82 to 
92 per cent (87 per cent average) of the water entering 
the distribution system and therefore had felt fairly con- 
tent that leakage surveys would not pay their way. How- 
ever, he had found that an’ occasional jacking up of meter 
readers resulted in the finding of more leaks even though 
most were on the consumers side of the meter. They 
made a practice also of checking up minimum night rates 
of flow through the master-meter. If the flow seemed 


to run higher than the normal (30 per cent of the average 
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flow for Elizabeth) then search for main leakage and 
water stealing was instituted. 


J. H. StrouMeyer, Assistant Water Engineer, Balti- 
more, Md., pointed to the variations in accounted for 
water which had been recorded for various distribution 
zones in Baltimore. Depending upon the class and size 
of consumers in the zone, the figures had varied be- 
tween 70 and 90 per cent. On the whole, they had found 
an 86 per cent accounting about the best average at- 
tainable. 


Harry Hatt, Chief, Washington Suburban Sanita- 
tion District, reported 80 per cent to be their average 
and explained that with scattered District systems, free 
water to public buildings and volunteer fire department 
drills they were not apologetic over the 80 per cent. A 
very similar experience was recited by Carl H. Boas, 
Mgr. Mt. Penn Suburban Water Co., Reading, Pa., serv- 
ing 9 communities, also having volunteer fire units re- 
quired to keep records of minutes of hydrants in service. 


Homer BecxwituH, Engineer, Pitometer Company, 
Harrisburg, Pa., cited examples to show how difficult 
it was to compare tightness of systems on the accounted 
for water basis. Where two nearby towns were com- 
pared, in one case the average consumption was 15 gals. 
per capita and checked survey could account for not more 
than 75 per cent—the figure being 45 per cent before 
corrections. In the other, with about 60 gals. per capita, 
90 per cent could be accounted for after all possible cor- 
rections. In another community the marked effect of 
one large consumer was shown by the water utility being 
able to show collections for 90 per cent of the water 
pumped. On checking up, only 60 per cent of that going 
to the smaller consumers could be accounted for. It was 
not unknown, therefore, that 2 Pitometer survey actual- 
ly yielded a true water accounted for figure lower than 
the water utility records indicated. 


(4) “Causes of pH Drop in Distribution Systems” 
—Through questions and answers at random from the 
floor, the Professor developed the fact that pH drop 
could be due to: 


1.—Calcium Carbonate deposited on the pipe walls. 
2.—Organic Matter decomposition. 

3.—Bacteria. 

4.—Temperature. 

5.—Increased CO, content. 


In short, 2, 3, 4, 5, were inter-related and 4 was the 
important element in contributing 5 as the result of 3 
acting to produce 2. From this came the by-product 5 
to cause a pH drop and corrosion. 


Lack of space precludes coverage of the following 
papers which were presented : 


“Operation of Reading’s Filtration Plant,” by Walter 
Strockbine, Chemist, Bureau of Water, Reading, Pa. 


“Every Filter Plant Its Own Research Laboratory,” 
by George D. Norcom, Cons. Sanitary Engr., Red Bank, 
N. J. 

“Problem of Back Syphonage,” by E. L. Penfrase, 
Copper and Brass Research Ass’n, New York City 
(aided by educational moving picture). 


“Activated Carbon, Its Adaptation and Points of Ap- 
plication,” by F. A. Sigworth, Industrial Chemical Sales 
Div., West Va. Pulp and Paper Co., New York’ City. 
(A report and analysis of questionnaired returns from 
137 plants, 71 of which use carbon continuously.) 
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A FEW KINKS 


By D. R. TAYLOR 


Superintendent 
Roanoke Water Works Co. 
Roanoke, Va. 


HE following are a few 
“short cuts” for correcting 














or alleviating pestiferous 
situations that occur occasion- 
ally in the maintenance and 
operation of water works sys- 
tems. The following methods The Author 


have been either learned by ex- 

perience or handed down from employees or other 
water works men of greater experience. Most of them 
are so simple that while most of the older superin- 
tendents are familiar with them, the writer feels that 
there may be some younger superintendents who are 
just beginning their life’s vocation in the water works 
field to learn something from these suggestions. If so, 
he will be well repaid for his efforts in preparing this 
article for publication in Water Works and Sewerage. 


Sticking and Non-Closing Valves 


All of us have had the experience of closing a valve 
in the distribution system and finding that it was leak- 
ing. Often times such a leaking valve has not been en- 
tirely closed, due to the formation of rust or incrusta- 
tion which has formed inside of the valve, and espe- 
cially between the gate rings. The rust that has formed 
at the bottom of the valve between the rings plus that 
rust that falls to the bottom when the valve operates 1s 
often sufficient to prevent the gates from closing suth- 
ciently to cut off the water entirely. It is often possible 
to break off this rust and dislodge it by closing and open- 
ing the valve 4th way several times. Closing the valve 
breaks up the rust and partially opening the valve cre- 
ates a flow of water at a sufficiently high velocity to 
wash the accumulation of broken rust from between 
the gates rings at the bottom of the valve. 


Nature's Valve Box and Leak Locator 


Did you ever take advantage of a light snow to locate 
covered up valve boxes or leaks? There are certain 
seasons of the year when a light snow, provided it cov- 
ers the earth well, serves to lead the searcher to both. 
The warmth or heat from the earth will accumulate in 
the valve boxes, especially those that are vaulted and 
covered with manhole covers. We find that this heat 
will tend to melt the snow on top of the valve boxes or 
valve vaults, enabling one to easily locate such valves, 
even though covered with dirt, or asphalt and not dis- 
cernible before the snow falls. 

In a similar manner leaks may be located in the cases 
where the water which is wasting does not come to the 
surface but finds some underground outlet. The water 
being warmer than the earth or street surface tends to 
melt the snow directly above the leak. These cases are 
of course rarer than those of the valve boxes but there 
are times when such observation saves many dollars in 
the matter of locating leaks. Of course, the safest and 
most dependable method of locating such leaks is with 
the use of equipment specially made for the purpose. 
These, however, could better be described in a story per- 


taining to—“The Use of Special Water Works Equip- 
ment.” 
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Pipe Pushing, Aided by Water Jet 


Quite often it is more convenient, practicable or 
cheaper to push pipe, either for services or smal] mains 
under the pavement than it is to cut the pavement. Where 
galvanized pipe is used and the soil in question js sand 
loam or clay the job is not difficult, however where the 
clay is exceedingly compact and hard the job may be 
facilitated by the introduction of a stream of water under 
pressure. The water may be introduced at the rear end 
of the pipe being pushed and allowed to escape from 
the front end through a reducing coupling thereby soft- 
ening the earth that is being penetrated. . 

_Many water works systems have discontinued the use 
of iron pipe for services and have adopted copper ser- 
vice pipe exclusively. Where it is desired to instal] 
copper service across the street or road, without cutting 
the pavement, the matter of pushing presents temporarily 
some difficulty. This difficulty may be easily eliminated 
by pushing 1% or 1% inch iron pipe under the pave- 
ment and then pushing the copper service pipe through 
this iron pipe. Second-hand iron pipe or iron pipe that 
has been junked may be used for this purpose. 

In this connection a method for replacing old ser- 
vices with copper tubing was described in the 1935 Fdi- 
tion of WATER WorKS AND SEWERAGE REFERENCE AND 
Data Book. In this case the pipe pusher is used as a 
“pipe puller.” The tubing is connected to the old service 
pipe and pulled through as the old pipe is removed by the 
puller in a pit. One town we know of uses a truck and 
chain for pulling through the old pipe with the new at- 
tached. 

Locating Stub-Services 

Most electric pipe locators require two positive con- 
nections. In the case of locating stub services the two 
positive connections are impossible; however there is a 
plan by which the stub service can be located fairly suc- 
cessfully. One may drive a steel bar into the ground 
approximately at the point where it is thought the ser- 
vice terminates, at the curb or in the consumer’s prop- 
erty. Then the connection js made to another service 
or fire hydrant and to the iron bar driven into the ground. 
The signal strength in such cases is not quite as strong 
but many stub services have been located in this man- 
ner although it may be necessary to move the iron bar 
frequently until it is driven close enough to the end of 
the stub service to get the signal, but with the proper 
perseverance and patience it is usually possible to ef- 
fect a great savings in the locating of stub services in this 
manner. 


Locating Consumers’ Leaks 

All water works officials are called upon to investigate 
the cause of high bills. Two short cuts for locating 
leaks in the consumers’ plumbing may be new to some 
readers. 

Where a leak is clearly heard, either with instruments 
or the naked ear, although no leak is visible, it is often 
possible that the leak may be in one of the modern type 
flush valves. Oftentimes by sprinkling a small quantity 
of talcum powder on the surface of the water in the 
flush tank or the commode a movement of the water is 
immediately noticed. It is a positive means of proving 
and spotting the leak. 

When the leak is so small that registration on the 
meter is not immediately discernible it is often possible to 
detect movement of the meter by removing the register 
and laying a match on the stuffing box spindle gear. This 
gear moves so much more rapidly than the hand of the 
register that it is relatively easy to detect movement of 
the meter. 















By DR. WILLEM RUDOLFS' 


Rutgers University 
New Brunswick, N. J. 


IRST impressions are fre- 
F quently lasting. Especial- 

ly when received in new, 
different or unusual surround- 
ings. Many of us attend water 
and sewage operators meetings 
voluntarily for information, oth- 
ers for business and still others 
are sent by their employers. 
Sometimes these meetings are 
not very stirring, impressive or 
worth while, although attendance 
may be exhilarating to some. 
Other meetings stimulate, pro- 
mote good fellowship, create in- 
terest and give new viewpoints to old problems, help the 
individual in solving his specific problem and bring in- 
formation which otherwise could not be obtained. Nat- 
urally, the place of meeting and the type of attendance 
has a good deal to do with the success of the gathering. 
The reading of papers alone does not make a meeting 
successful, even if the papers are properly prepared 
and well presented. Some times one has the feeling 
that something is lacking without being able to say 
what is missing or what is at fault. 








Dr. W. Rudolfs 


A Meeting Worth Mentioning 


The annual summer meeting of the English Institute 
of Sewage Purification (association of Managers of Sew- 
age Disposal Works) held at Exeter was, judging from 
the program, not much different in routine from sim- 
ilar meetings held in this country. The two and one-half 
day conference consisted of reading of papers, visits and 
luncheons. 


Place 


The meeting place was a beautiful old Guild Hall. 
Dais, hardwood benches, choir, stained glass windows 
set in lead, and walls covered with portraits of notables 
of bygone days, made the setting for the discussions. 
It is not to be inferred that the English always have 
beautifully preserved 16th century buildings available 
lor sewage meetings. But, to the visitor, it appeared 
that the surroundings were quite important in connection 
with the success of the Exeter meeting and the recep- 
tability of the audience. There were no noisy distrac- 
tions from a nearby dining room or kitchen, no running 
in and out of persons, with the accompanying slamming 
or creaking of doors, or gther disturbances. No whis- 
pered conversations in the audience or talking around the 
entrance to the room; no street cars or noisy trucks 
passing the windows. 


_* Journal Series Paper, N. J. Agricultural Experiment Station, 
New Brunswick, N. Division Water & Sewage Research. 


(Prepared upon invitation of WATER WORKS AND SEWERAGE. ) 
Division Water & Sewage Research. 
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A BRITISH SEWAGE WORKS 
ASSOCIATION MEETING * 


Impressions of a Guest from America 


Attendance 


Looking over the audience and listening to the dis- 
cussions an impression was gained that the attendance 
was not homogeneous as far as technical interest was 
concerned. In discussion with members of the Insti- 
tute this was readily verified. Curiosity regarding the 
type of persons present led to the questions: What is 
their interest and how do you get them here? There 
were probably between 200 and 250 in attendance ; regis- 
tration having been completed by mail some time pre- 
vious to the meeting. Preliminary notices had been sent 
out about three months before and a complete program 
about three weeks ahead of the meeting. 

The great majority present were sewage works man- 
agers and assistants, members of sewerage commissions, 
municipal officials, with a sprinkling of representatives 
of industrial concerns and equipment manufacturers. 
For years English sewage works managers have seen the 
need of bringing their commissioners to the meetings. 
The Ministry of Health has sponsored this movement, 
so that in the preliminary announcement and at the front 
page of the invitation to attend, and again on the printed 
program the statement is made that “The Minister of 
Health has intimated that he sanctions, in the case of any 
Sanitary Authority whose accounts are subject to Dis- 
trict Audit, the payment of the reasonable expenses 
which may be incurred in connection with the attend- 
ance at the Conference of two delegates, one of whom 
should be the Manager of the Sewage Disposal Works. 
Individual application to the Minister for sanction in 
respect of the Conference will not be necessary, so long 
as the proposed expenditure is within the limits indi- 
cated.” 

The result is now that frequently commissioners see 
to it that the sewage operator makes proper application 
for attending the meetings. A number of these commis- 
sioners go year after year and become quite conversant 
with the problems discussed—certainly a healthful and 
desirable attainment. Several commissioners expressed 
their opinion, privately to the writer, that the meetings 
were very helpful in their office, led them to read more 
about technical questions and allowed them to support 
intelligently the operator when changes or additions were 
needed. I found on several occasions that the commis- 
sioners were particularly keen that their operator should 
present a paper or take part in the discussion.  Inci- 
dentally, these commissioners will take part in the dis- 
cussion themselves and bring to the meeting the aspects 
of the official, especially when cost of operation and con- 
struction are concerned. This in turn gives the confer- 
ence a somewhat wider scope. 


Time 


The program stated that members and guests would as- 
semble at 9:45 a. m. at the Guild Hall and the meeting 
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would be opened at 10:00 a. m. Wishing to see some 
people before the meeting, and basing my judgment upon 
experience at most meetings in this country, I believed 
that at least half an hour would be available when ar- 
riving shortly before ten. Talking to the Chairman, I 
noticed him watching the clock and when the Hall clock 
had struck the hour specified, the gavel come down; the 
meeting was open on the hour. 


Papers 


For a two and one-half hour session two papers were 
scheduled to be presented. The first day The Right 
Worshipful Mayor of Exeter welcomed the delegates 
briefly and opened the conference. (Note, that he did 
not keep the meeting waiting, sent no substitute.) It 
used to be customary in some of the technical American 
sanitary engineering sections to have the paper to be pre- 
sented printed beforehand and distributed at the meeting. 
In England the papers had been printed and sent to the 
members some time in advance. The paper was there- 
fore not read at the meeting. Instead at was “‘intro- 
duced” by the author, who added informal remarks about 
the work and presented additional information, where 
desired. This lasted some 15 minutes, leaving a full 
hour for discussion of each paper. The first discussor, 
moving the customary vote of thanks, had studied the 
paper. He then began telling how good the paper was, 
and followed with a thorough discussion, involving pre- 
vously thought-out criticisms of the material presented. 
The member seconding the vote of thanks did likewise 
and this was followed by discussions from the floor, 
leaving about 10 minutes for the author to answer. Nat- 
urally, the discussion (not to mention the criticisms) was 
lively and extremely interesting, allowing a thorough and 
fair evaluation of the paper presented, as well as bringing 
out side-lines and experiences of those present. Four 
papers were presented during the two morning sessions, 
leaving the remainder of the time for visits, inspections 
and sight seeing. 


"Attractions" 


After adjournment of the morning session the mem- 
bers departed to a nearby hotel for luncheon. The first 
day’s luncheon was “by kind invitation of The Right 
Worshipful the Mayor of Exeter,” attended by a num- 
ber of city officials, and marked by a brief address of the 
Mayor. The second day luncheon was again an inter- 
esting affair, attended by local government officials. Here 
the president of the Institute delivered his annual ad- 
dress; the city engineer said a few words about his 
plant to be visited the next day and an alderman wished 
the gathering godspeed. There is nothing new in lunch- 
eon or dinner meetings, their success depends entirely 
upon arrangement and management. Attending a well 
organized luncheon or dinner meeting is a pleasure; a 
slipshod affair is a bore. 

Visits to plants and structures have become an in- 
tegral part of many regional water and sewage works 
meetings. Trips to industries are frequently included, 
excursion trips are less usual. <A trip in buses along 
country roads with a definite aim (country place, park, 
natural monument) where refreshments are served is 
enjoyable, brings people in closer contact, gives chance 
to discuss mutual problems or experiences, leaves a pleas- 
ant impression of the conference and is inducive to at- 
tendance at future meetings. Leaving Exeter with a 
group of buses to visit and have tea (not cocktails) at 
a restored castle with beautiful gardens, and from there 
lumbering on over the moors to the well known Dart- 
moor prison, will certainly be remembered by the writer 
as an outing calling for repetition. The “Tea,” consist- 
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ing of thin slices of bread, cake, cookies, tea, and other 
accessories was an agreeable break in the trip. 


English vs. American Meetings 


The outstanding impressions comparing the English 
meetings with those attended in this country are: 

1. Our programs are too hastily got up, are over- 
crowded. Papers are run through the mill of “mass pro- 
duction.” Discussion is often not thought out and fre- 
quently is insignificant. 

2. Sessions too frequently do not start on time, mak- 
ing programs more crowded, losing available discussion 
time. 

3. Interruptions and noise, could often be reduced. 

4. Luncheons, dinners, receptions, excursions could 
frequently be improved and made more attractive. 

5. An organized drive for attendance of municipal 
officials, commissioners and other “outside” interests, 
would promote better meetings, build up active member- 
ship and participation, make for a better understanding 
between administrative and operating personnel and the 
problems of the latter group. 

(6) In America too little encouragement is given 
by municipal officials to meeting attendance by managers 
and operators—less instructions to attend with expenses 
allowed. 

In many respects American Associations should benefit 
by drawing a pattern from British experiences, and at- 
tempt what the English have accomplished. 


. 
Unique Building 
For National Aluminate 


One of the most unusual buildings ever planned is 
under construction in Chicago as the home of National 
Aluminate Corporation. It is to house the offices and 
laboratories of National’s Research Division. 

The building has been made windowless in order that 
it can be efficiently supplied with constant and scien- 
tifically predetermined illumination, and perfect weather 
conditions. 

As to exterior beauty, the construction is of white 
matt-finished Terra Cotta with horizontal bands of 
strong blue at the top and panels of blue at the en- 
trance. The feature at the extrance is the canopy and 
grill work of anodized aluminum—symbolical of Na- 
tional Aluminate’s chief products. 

All rooms will have acoustical ceiling treatment, 
rubber tile floor covering and walls covered with wall- 
linoleum. Instruments in each room will reveal the 
climatic condition, which is subject to regulation to 
meet requirements or the wishes of the individuals 
using the room. 

The interior feature is the grouped laboratory ar- 
rangement and the “boiler-room,” containing 4 minia- 
ture boilers, which duplicate the designs of modern 
high-pressure equipment. These will be continuously 
in operation for demonstration and experimental 
studies. . 

Architects on this building are Ambrose C. Cramer, 


Inc., of Chicago. Air conditioning by Robert E. 
Hattis, Cons. Engr., Chicago, associated with the 
architects. 
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WATER WORKS 


ENAMELS 


48” diameter steel pipe. 
El Capitan Project, 


San Diego, California. 


Smooth, Mirror-like Linings Mean 
Increased Coefficient of Flow 


Barrett Water Works Enamels are produced 
from a specially processed coal-tar pitch, the 
most stable bituminous material known. 

When spun in pipe, these enamels forma uni- 
formly smooth, mirror-like lining that prevents 
corrosion and tuberculation, and maintains 
original line capacity. 

Applied to pipe exteriors, these enamels pro- 
vide a protective coating that is tough, highly 
adhesive, and strongly resistant to moisture 
absorption, soil acids, alkalis, etc. 

FIELD SERVICE The Barrett Company maintains a Pipe 
Line Service Department to Assist engineers in all coating 
problems, and also has available Field Service men whose 


assistance is offered where Barrett’s protective coatings 
are used. Inquiries are invited. 


THE BARRETT COMPANY 
40 Rector Street New York, N. Y. 
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MANUFACTURE OF ACTIVATED 
ALUM GETS UNDER WAY 


New Plant to Produce a Variety of Coagulants 
and Chemicals for Water and 
Sewage Treatment 


The new plant of Activated Alum Corporation, lo- 
cated in the Curtis Bay Industrial Zone of Baltimore, 
Md., has recently gone into production. The company’s 
principal product is activated sulphate of alumina, mar- 
keted under the registered brand name of “Black Alum,” 
commonly referred to by users as “Activated Alum.” Its 
distinctive black color (hence its name) is derived from 
the activated carbon which it carries as a coagulant-aid, 
and which (in the floc) serves likewise to stabilize sludge 
in coagulation basins and produce an improved tasting 
and more brilliant filtered water, containing a minimum 
of the trouble giving residual organic matter. 




















Activated Alum—‘At Home and Abroad.” In the Center Is the 

New Plant at Curtis Bay, Md. Below Is the Plant Office, Works 

Laboratory and Home-Berth of the Traveling Laboratory—Seen 
“Abroad” in the Upper Picture. 


Another unique products developed by the company 
is “Coag”—this being a ferric-aluminum sulphate, with 
characteristics of both ferric sulphate and filter alum, 
and coagulating abilities under a wide range of condi- 
tions. Especially is “Coag” recommended for difficult 
waters, and for the chemical precipitation of sewages 
and industrial wastes. 

A third product—*Filterseed”—is a specially prepared 
activated carbon for economical carbon applications to 
rapid sand filters direct—its featured quality being that it 
does not slow down filter rates, shorten runs, or penetrate 
the sand bed, as does ordinary powdered carbon. It is sug- 
gested by the manufacturer for use in conjunction with 
“Black Alum” when and if additional carbon is required 
for taste elimination. ‘‘Filterseed’’ was developed in 
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Activated Alum’s novel “Travelling Laboratory,” 
tured above) which has been successfully used jn 
ing its products and studying 
sewages at many plants. 

Standard filter alums will also be produced and mar- 
keted, as such, by the company in competition with other 
commercial and special grades of sulphate of aluming 
such as high-basic, iron-free,” et al. : 

In the new plant, which has been modernly engineereg 
and built under the direct supervision of F. E. Stuart 
president of the company, one is impressed with the flow 
schemes for production and handling of raw and fin. 
ished products. From an adjacent acid plant, sulphuric 
acid flows by gravity to the third floor storage tanks jn 
the alum plant. The bauxite and carbon likewise flow 
by gravity from storage bins, and throughout the many- 
facturing stages all production is on a gravity flow basis 
—only the finished product being bucket-elevated to the 
packing hoppers and loading floor. With ample capac- 
ity, the new plant has 1,600 square feet of floor area 
and is adequately equipped with the most modern power 
economizing equipment, making for changes in produc- 
tion speed at will and on operation on a continuous 24 
hour flow basis, when required to meet future demands, 

The company plans to continue its research and de- 
velopment program, with the benefit of its “Laboratory 
on Wheels,” and has therefore planned the new fac- 
tory so as to add new products as they are developed, 
Furthermore, it proposes to manufacture meritorious 
products which may be developed in whole or in part by 
others. 

As announced in a previous issue, the plant is in charge 
of Ben. F. Tippins, former Superintendent of Water 
and Sewerage at Daytona Beach, Fla.—Activated Alum’s 
slogan being—‘‘Chemicals Produced by Water Works 
Men for Water Works Use.” 

v 


Hydraulic Institute Issues 7th Edition 
of Pump Standards 


The Hydraulic Institute, a trade association supported 
by 42 leading American pump manufacturers, has re- 
cently issued the 7th Edition of “Standards of Hydraulic 
Institute” which is a compilation of technical pump and 
pumping data, good and bad practices in installation and 
operations of pumps, standardized definitions, terms and 
practices, and other information of value to engineers, 
buyers and manufacturers of pumps. The Centrifugal 
Pump Section presents an illustrated set of definitions 
of types and parts; discusses standards of volume out- 
put, head, power, and the meaning of guaranteed eff- 
ciency ; presents numerous charts showing relationships 
between suction lifts, heads, speeds and pump output 
under a variety of combinations of such conditions ; dis- 
cusses and illustrates proper and improper methods of 
installing centrifugal pumps, also suction and discharge 
lines ; presents suggestions and instructions for most effi- 
cient and trouble free operation. 

Other sections deal similarly with Rotary Pumps, Re- 
ciprocating Pumps, Deep Well Pumps. Then follows 
a Code for Testing Pumps; the Use of Gages ; Measure- 
ments of Power Input. The closing “Data Section” 
contains friction tables and elaborate charts covering 
friction data and velocities for water and other fluid 
materials subject to pumping. 

The seven Sections are purchasable singly or as a 
complete set in one binding for $1.00. The ‘Centrifugal 
Pump Section” and “Data Section,” singly, are 50 cents 
ach. Publishers—The Hydraulic Institute, 90. West 
Street, New York City. 
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EQUIPMENT NEWS 


Novel Crankless Engine (Operates on 
Diesel Fuel) 


It is particularly appropriate that in this 
special issue for the A. W. W. A. conven- 
3uffalo that a Buffalo product— 
Sterling Engine Co.’s new Crankless Oil 


tion in 
Engine—be described. It represents some- 
thing wholly novel in oil burning engines, 
and is designed for duties which the Diesel 
type engine is especially well suited to 
perform. 


The Sterling Crankless Engine involves a 











Sterling Crankless Oil Engine 


perfection of the patent of A. G. Mitchell, 
famed as inventor of the important Mit- 
chell-Kingsbury thrust bearing so widely 
used on ocean liners to absorb propeller 





especial pride, the manufacturer emphasizes 
the effective uniflow design for scavenging 
the cylinders with new air, and charging 
them for the next firing. To two inclined 
(vertically set) rotating discs opposite each 
other, the eight reciprocating pistons trans- 
mit the explosion power to rotate the hori- 
zontal shaft attached at the centers of the 
discs. This operation can be best understood 
by thinking of a water meter, the revolving 
disc of which is driven by the water power. 
The manufacturer emphasizes the fact that 
the Sterling Crankless Engine incorporates 
the simplest movements ever used in an in- 
ternal combustion engine of any type; em- 
ploys many fewer parts, has speed range of 
400 to 1,200 revolutions; remarkable free- 
dom from vibration; flexibility of control 
that has been the goal of oil engine de- 
signers for more than 30 years, and several 
additional features. 

A new illustrated bulletin “The Sterling 


Oil Burning Engine,” recently issued, 
makes interesting reading. For a copy, ad- 
dress Sterling Engine Co., (Dep't. W. & S.) 


Buffalo, New York. 
v 
Jeffrey Precision Weighing Feeder 


A new precision machine, applicable to 
the process of continuous weigh-feeding 
and proportioning, called the “Waytrol,” 

















Jeffrey “Waytrol” Feeder 


thrust. This novel engine is an opposed pis- 
ton engine with four horizontal cylinders 
containing 8 pistons (four on one side com- 
ing to the center to meet the four on the 
opposite side), the result being that of com- 
plete elimination of cylinder heads and pop- 
pet valves. With many fewer parts and 
higher thermal efficiency, starting is easier. 
Without piston side thrust or crank-shaft, 
only three main bearings are required. With 


has just been announced by the Jeffrey : 


Manufacturing Co., Columbus, Ohio. This 


machine combines three important features ° 


conducive to dependability and super-accu- 


racy: (1) All-electric vibrating feeding; « 


(2) a synchronous weigh-belt, on a scale 
beam so pivoted as to receive material at 


the most sensitive end, and (3) automatic + 





more, the rate of feed to the constant speed 
weigh-belt is in no way dependent on the 
volume of material handled. It is governed 
directly—and only—by weight. The “Elec- 
tric Brain,” which registers any slight un- 
balance of the belt and makes instant cor- 
rection by speeding up or slowing down 
the supply to the belt is the governing unit 
For dustless operation, and to avoid the 
possibility of error caused by wind pres- 
sure, the entire unit is enclosed in steel and 
glass. It operates from any standard 60- 
cycle lighting circuit. 

“Waytrols” are available in sizes handling 
from a few pounds to several tons per hour. 
The manufacturer guarantees that all will 
weigh and feed to 99 per cent accuracy or 
better. Bulletin No. 644 pictures and de- 
scribes the machine, and its applications, in 
detail. Address Jeffrey Manufacturing Co., 
Columbus, Ohio. 


Vv 
Flexible Sewer Rod 


The Flexible Sewer Rod is already 
known to many of our readers but to many 
more its announcement constitutes news— 
especially the improvements, accessories and 
power drive unit. 

Flexible rods of steel come in standard 
three foot lengths jointed with reinforcing 
couplings into desired straight lengths. Or 
may be transported as a coil on a revolving 
frame which will carry up to 600 feet of 
flexible rod. A variety of cleaning heads 
such as cork-screws, augers, spear-heads 
and the like are available for coping with 
various stoppages and removal of root- 
growths. For the “tougher” jobs and long 
runs turning handles and rachets are pro- 
vided for securing the unstopping “bite,” 
and the boring through twist on the flexible 
rod. For speedier work and very long runs 
use of the portable “Flexible” Power Drive 
(about the size of a lawn-mower) is sug- 
gested by the manufacturer. More efficient 
is the Power Drive, in the spiral scraping 
operation, and it has been successfully used 
in cleaning water mains as well as indus- 
trial waste lines, coated with hard lime de- 
posits and the like. 

Rods and equipment are cadmium plated 
to resist rusting. In a well illustrated bul- 
letin, the full line of “Flexible” equipment 
and its use is pictured. Listed, is a sug- 

gested “Standard City Set.” The 
_manufacturer offers a 30-day 
‘free trial and unconditional two 
year guarantee as to satisfac- 
tion. For the descriptive bul- 
letin “Flexibles” address, Flex- 
-. ible Sewer-Rod Equipment Co., 

:622 East 4th St., Los Angeles, 
Calif. (Better still, see their 
i: exhibits at the New York Sew- 
|;age Works meeting at Utica or 
F the A. W. W. A. convention at 
Buffalo.—Ed.) 












all-electric control, sensitized through a de- === 


vice called the “Electric Brain.” 
With this unit feeding and weighing are 
physically separated processes. Further- 
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Another city where Dresser Couplings are being used to 
join new water mains is our nation’s capital. Several 
Dresser-coupled lines, in sizes from 18” to 93”, have 
been installed there since 1930. Especially proud are 
we of the new 311-37-492” O.D. trunk main laid in 1936, 


also completely Dresser-coupled. 


FIVE REASONS WHY MODERN WATER LINES ARE DRESSER-COUPLED: 
PERMANENT TIGHTNESS—proved for 50 years, on 150,000 miles of pipe. 


2 FLEXIBILITY—normal pipe movements—present in every line—are absorbed. 
5} SIMPLICITY—joints are ‘‘factory-made”; ordinary labor can install. 
g STRENGTH—predetermined; joints safely withstand any specified pressure. 
§ TRUE ECONOMY—a truly lower joint cost throughout the life of the line. 


Write for our General Catalog No. 36. 


Me EMOTE SIN 


Cutaway view of Dresser Style 38 Coupling, 
showing working principle. Note that plain- 


’ end pipeisused. Theresilient gaskets, flexing: 
with the pipe, safely absorb pipe movements. 


aii 


., 80 Front St., W., Toronto, Ont. 
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Quintuplex! !!!! 
Quadruplex! 
Triplex! 
Duplex! 
Simplex ! 
What’s perplexing you? 


% Proportioneers % are “ganging 
up” on chemical treatment! Midget 
Chemical Feeders, grouped together 
in series as illustrated, are being 
hailed by perplexed designing engi- 
neers as a means of bettering per- 
formance and lowering the cost of 
water plants. 


For example, an Atlanta, Ga., engi- 
neer proposes the Quadruplex Feeder 
to serve an Alabama water plant as 
follows: 


UNIT NO. 1—to feed alum ahead of filter to 
hasten coagulation. 


UNIT NO. 2—to feed soda ash ahead of 


filter, also as a coagulant. 


UNIT NO. 3—to feed hypo after the filter to 
sterilize. 


UNIT NO. 4—to give a post-treatment of 


soda ash for bringing up the pH to avoid 
corrosive condition of water introduced by 
previous alum feed; saving the distribution 
system from red water and corrosion troubles. 

Flexible to the extreme in their ap- 
plication, more likely than not a 
% Proportioneers % chemical feeding 
device will fit your perplexing eed. 
Send complete details, or ask for 
Bulletin “PH.” 


A.W.W.A. — BUFFALO 


A welcome awaits you at our 
booth, also a chance to see just } 
what we have to offer. , 














% PROPORTIONEERS “%, 
Inc. 


Associated with 
Builders Iron Foundry 


O 9 N. Codding Street 


PROVIDENCE, R. I. 






O 
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Ampco Sewer Jointing Compound 


Atlas Mineral Products Company, manu- 
facturers of the well known pipe jointing 
compounds “ Mineralead,” “ Tegul- 
Mineralead” and “G-K” Sewer Joint Com- 
pound, announce the addition of “AMPCO” 
Sewer Jointing Compound to their line of 
pipe jointing materials. 

“AMPCO” is a sulphur-base compound 
designed especially for jointing of low pres- 
sure lines, such as low-head gravity mains 
and sewers. By the manufacturers recom- 
mended as superior to bituminous com- 
pounds under conditions that make good 
bonding with the latter a gamble, AMPCO 
does not depend upon adhesion to the pipe 
to make a good and dependable joint. Damp- 
ness, frost or a coating of mud or silt on the 
pipe do not cause poor joints, and AMPCO 
joints are root-repellent and leakproof. Be- 
fore publicly announcing the new product a 
6-year period of demonstrated dependability 
has been had in connection with use on 
representative municipal sewers. It comes 
packed in cartons, each containing five 10- 
pound ingots which melt at 248 deg. F. 

For further details and folder describing 
AMPCO and the method of preparing and 
pouring AMPCO joints, address Atlas 
Mineral Products Company, Mertztown, Pa. 


v 
Dwyer Made Distr. Mgr. Crane Co. 


J. A. Dwyer, manager of the Philadel- 
phia branch of Crane Co., has recently 
been made district manager of all Crane 
branches in the Eastern territory. Such 
includes the New England states, metro- 
politan New Work, Eastern Pennsylvania, 
New Jersey, Maryland, and the District of 
Columbia. A total of eighteen Crane es- 
tablishments are now under the jurisdic- 
tion of Mr. Dwyer. His office is at the 
New York City branch of Crane Co. 

H. S. Officer, manager of the Newark 
branch, succeeds Mr. Dwyer at Philadel- 
phia, and J. H. Geiss moves from Hemp- 
stead, Long Island, to succeed Mr. Officer 
as manager at Newark. 


v 
Columbia Alkali Opens Offices in 
Cleveland and Boston 


The Columbia Alkali Corporation an- 
nounces the opening of new offices in Cleve- 
land and Boston. 

















A.E. Shaw 


J.E.Dockum 


A. E. Shaw becomes district sales man- 
ager of northern Ohio, with offices at 3859 
Hamilton Avenue, Cleveland, Ohio. J. F. 
Dockum becomes district sales manager of 
New England, with offices at 300 Babcock 
Street, Boston, Mass. 










Mr. Shaw since joining the Columbig 
organization in 1932 has devoted consider. 
able time to promotional work, more re. 
cently to the distribution of Columbia's full 
line of products. 

Mr. Dockum, a native New Englander 
and graduate of the University of Ney 
Hampshire, has spent considerable time in 
various departments of the company, Fo, 
the last several years his efforts have been 
entirely in sales and distribution of Colum- 
bia’s full line of products. 


v 
New Balanced Diaphragm Valve 











A new, balanced diaphragm valve, de. 
veloped and manufactured by the McAlear 
Mfg. Co., of Chicago, is claimed to have 
the feature of closing off tizht, repeatedly, 
in service on fluids or gases containing for. 
eign matter; being balanced, it will open 
or close easily. There are no bellows of 
stuffing boxes, thus preventing all friction, 
When used on throttling service there are 
no bad effects from wire drawing. 







This valve need not be removed from the 
line to change the diaphragm, which can he 
supplied of various compositions, or witha 
lining, to take care of air, water, gas, acids, 
or alkalis. 

The McAlear Balanced Diaphragm Valve 
will operate in any position, will not damage 
from freezing, and can be either hand or 
motor operated. This new valve is avail- 
able in sizes of 2 in. and larger. For de- 
scriptive bulletin address McAlear Mfg, 
Co., 1901 S. Western Ave., Chicago. 








Air Compressor 
From Ford Parts 


60 cubic feet per minute with one gal- 
lon of gasoline per hour! 


Operates rock drill, Pavement breaker, 
digging tools, caulking hammers, back- 
fill tampers, chipping hammers, sand 
blast, etc. 


Widely used by Cities, Counties and 
Public Utilities because of its low cost, 
economical operation, ease of handling 
and Ford service. 


Available in portable form or as con- 
version parts for your own Ford motor. 


Write for complete literature and prices. 


GORDON SMITH & COMPANY 


Incorporated 


517 Tenth St., Bowling Green, Ky. 
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_” “Bonded Armeo pipe at West Palm. Beach, 
oe i c : 





2 Good Keasons 


Now to the superior structural 





has added at least another 12 years 





ol features of corrugated metal pipe _ to the life of Armco pipe. And 
WHEN you DESIGN a sewer Armco has added a high degree now . .. with a complete bitu- 
aker, system of Armco corrugated pipe of material permanence. Many minous coating permanently 
ack- say good-bye to costly structural Armco Ingot Iron sewers laid “bonded” to the galvanized metal, 
aa failures. Even under the most __ nearly 30 years ago are sound and ~— your durability problem is solved! 
wal severe loading and foundation _ strong today. Putting a thick bi- Why not call in an Armco 
me conditions, you can depend on this tuminous pavement in the bottom drainage engineer and let him 
ling sturdy, flexible pipe to serve as a explain the advantages of this im- 
line during its full material life. proved sewer pipe — in terms of 
- This asurance comes from 41 your 1937 requirements? Armco 
ator. rag 
years of successful experience with Culvert Mfrs. Association, 703 
joes. thousands of installations. Curtis Street, Middletown, Ohio. 
NY 
Ky. 
a ASBESTOS BONDED - ARMCO PAVED INVERT PIPE 
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MEETINGS 
SCHEDULED: 


May 19—Seatti_e, WaAsuH. (University of Washington). 
Pacific Northwest Sewage Works Ass’n._ Sec’y-Treas., 
Fred Merryfield, Oregon State College, Corvallis, Ore. 


May 21—Newark, N. J. (Essex House). 
New Jersey Section, A. W. W. A. 


sec y. F. 5. 
325 Washington St., Glen Ridge, N. J. 


Wilson, 


May 22-23—Victoria, B. C. (Empress Hotel). 
Pacific Northwest Section, A. W. W. A. Sec’y, Fred 
Merryfield, Prof. of C. E., Oregon State College, Corvallis, 
Oregon. 


June 4-5—UrTica, N. Y. (Hotel Martin). 
N. Y. State Sewage Works Association. Sec’y-Treas., 
A. S. Bedell, State Dept. Health, Albany, N. Y. (Manufac- 
turers’ exhibits a feature of this meeting). 





June 7-11—Burrato, N. Y. (Hotel Statler). 
American Water Works Association. (Annual Con- 
vention). Executive Secretary, Harry E. Jordan, 29 
West 39th St., New York City. 











June 16-17—WavukKEGAN, ILL. (Karcher Hotel). 
Illinois Association of Sanitary Districts. Sec’y-Treas., 
G. H. Radebaugh, Urbana, III. 

June 21-25—Srate Co.Liece, Pa. (Penna. State College). 
Pennsylvania Sewage Works Association (June 21-23). 
Sec’y, L. D. Matter, State Dept. Health, Wilkes-Barre, Pa. 


Pennsylvania Water Works Operators’ Ass’n (June 23- 
25). (10th anniversary.) Sec’y, I. M. Glace, 22 S. 22nd St., 
Harrisburg, Pa. 


Aug. 18-20—DeEArBorN, Micu. (Dearborn Inn). 
Central States Section, A. W. W. A. (Annual Meeting). 
Sec’y-Treas., H. Lloyd Nelson, 2437 Koppers Bldg., Pitts- 
burgh, Pa. 


Sept. 20-22—Santa Fre, N. M. (LaFonda Hotel). 
Rocky Mountain Section, A. W. W. A. (Annual Meeting). 


Sec’y-Treas., B. V. Howe, State Sanitary Engineer, State 
Office Bldg., Denver, Colo. 

Oct. 4-6—Attanta, Ga. (Atlanta Biltmore Hotel). 
American Public Health Association (Congress). Execu- 


tive Director, Frank W. Herring, 850 East 58th St., Chi- 
cago, Ill. 


Oct. 5-8—New York City, N. Y. (Hotel Pennsylvania). 
American Public Health Association (Annual Convention). 
Executive Secretary, Dr. Reginal D. Atwater, 50 West 50th 
St., New York City. 


Oct. 11-14—AustTIN, TEXAs. 
Southwest Section, A. W. W. A. 
Sec’y-Treas., L. A. Quigley, 
Fort Worth, Texas. 


Oct. 13-15—AtrLantic City, N. J. (Haddon Hall). 
Pennsylvania Water Works Association (Annual Meeting). 
Sec’y, Dr. F. Herbert Snow, 327 Telegraph Bldg., Harris- 
burg, Pa. 


(Annual Meeting). 
Superintendent Water Dept., 


Oct. 19-20—Cincinnati, Onto (Netherland Plaza Hotel). 
Ohio Conference on Sewage Treatment (Annual Conven- 
tion). Sec’y, Bruce M. McDill, Dept. Health, Columbus, 
Ohio. 


Oct. 20-23—SAcrAMENTO, CaLir. (Senator Hotel and Memorial 
Auditorium). 
California Section, A. W. W. A. 
Sessions and Exhibits, Sec’y-Treas., 
43rd St., Sacramento, Calif. 


Nov. 4-6—Omana, Nes. (Fontenelle Hotel). 
Missouri Valley Section, A. W. W. A. (Annual Meeting). 
Sec’y-Treas., Earle L. Waterman, Prof. Sanitary Engineering, 
University of Iowa, Iowa City. 


(Annual Convention). 
C. M. Hoskinson, 1140 
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CATALOGS AND 
LITERATURE RECEIVED 


| Any of the publications reviewed in this section cay 
be secured from or through Water Works and Sewer. 
age, if such be desirable. | 


“What Constitutes the Ideal Aerator?”—Is the 
question asked and answered in Chicago Pump Co/s 
newest and impressively produced bulletin, presenting 
“Mechanical Aeration Information,” directed to engi- 
neers designing or revamping activated sludge plants. Ip 
discussing the basis of design of mechanical aerators, 
covered are such pertinent items as—Oxygenation ¢a- 
pacity characteristics; Flexibility in purification control 
and power consumption ; Requirements for mixing, flow 
velocities, surface agitation, sub-zero operation. 

The flexibility in oxygenating capacity of the mechan- 
ical “Chicago” Aerator is stressed in lending itself to 
effective use of the “tapered-aeration” principle, for the 
successful handling of high and low strength sewages 
or industrial wastes ; enhanced purification control; max- 
imum permissive power economy. Amongst design 
tables appear (1) “Oxygenation Capacities of Chicago 
Aerators”; (2) “Aeration Tank Dimensions and Ca- 
pacity”—including quantities of concrete involved, for 
square and hexagonal design. Plans, basis of design, 
and cost, of five representative plants equipped with 
Chicago mechanical aerators, are also given. 

Aside from its impressiveness in color scheme, typog- 
raphy, illustration and scintillating, “cellophane-plated” 
cover, information in “Chicago” Bulletin 128-L makes 
it doubly worth asking for. Address, Chicago Pump 
Co. (Dept. W. S.), 2349 Wolfram St., Chicago. 


“Penchlor Acid Proof Cement”—In this little book- 
let, issued by Pennsylvania Salt Manufacturing Com- 
pany, the properties, qualities, adaptations and service 
of Penchlor Acid Proof Cements are described and 
illustrated. Especially is the product recommended for 
lining of tanks for manufacture or storage of ferric 
chloride, or other acidic solutions, with acid proof brick 
jointed with the acid proof cement. The cement is not 
recommended, however, for use on concrete or other 
surfaces as a protective plaster coating. In the rear 
appear “Useful Facts,” which include cement require- 
ments for various conditions and size of tank or vat 
to be brick-lined Ask for Penchlor Acid Proof Cement 
—Booklet No. 3, address, Pennsylvania Salt Mfg. Com- 


pany, Widener Bldg., Philadelphia, Pa. 


“Victualic—Pipe Couplings”—Is an illustrated bul- 
letin released by Victualic Company of America, long 
established manufacturers of the Victualic rubber gas- 
keted pipe couplings which serve as flexible mechanical 
“joint-locks.” This bulletin describes and pictures the 
component parts of the bolted coupling with housing 
and single rubber gasket ring designed for pressures to 
1000 Ibs. per sq. in. as well as for high vacuum. De- 
tails are shown for its use on grooved or shouldered- 
end cast-iron or steel pipes and fittings. Its many ap- 
plications are illustrated in use and others are listed. 
Especially adaptable is this narrow coupling for hard- 
to-get-at-places and jointing under cramped conditions, 
such as in valve pits, pipe galleries and the like. In the 
rear are specifications, dimensions tables and illustrated 
installation instructions. For Bulletin 37-1, address Vic- 
tualic Company of America, 26 Broadway, New York 
City. 
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TYPICAL VERTICAL SECTION 


PARTICULARLY ADAPTED FOR USE IN 
MALLORY 
OXIDIZED SLUDGE PROCESS 


SEWAGE AND INDUSTRIAL WASTE 
TREATMENT PLANTS 


95% B.0.D. REMOVAL CONTINUOUSLY 


PLANT 
CAPACITIES 
ACCURATELY 
RATED IN 
POUNDS OF 
B.O.D. REMOVAL 
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PROCESS AND APPARATUS LICENSED UNDER MALLORY INVENTIONS 








LANCASTER IRON WORKS, INC. 


SEWAGE APPARATUS DIVISION 
122 EAST 42nd STREET 
NEW YORK 


MANUFACTURERS O F SEWAGE EQUIPMENT FOR 30 YEARS 
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“Hydro-Tite-Handbook”: — l'rom Hydraulic De- 
velopment Corporation, well known manufacturers of 
pipe jointing compounds, has come a booklet of “Useful 
Information’ —just off the press. Expensively and at- 
tractively produced, the foreword states that “This book- 
let is distributed with the hope that it may more fully 
acquaint engineers and contractors with ‘Hydro-Tite’-— 
but, at the same time, prove a source of useful informa- 
tion.” The booklet contains much of value furnished by 
leading authorities or compiled expressly for the publish- 
ers. Naturally, it tells much about “Hydro-Tite” and its 
outstanding characteristics—all in a pleasing and effec- 
tive manner. There are many tables of useful informa- 
tion and conversion factors; methods of evaluating pipe 
line capacities (fire flows) ; “Lessons in Simplified Hy- 
draulics’—with typical problems and their solution; 
“Every-day” methods of determining the condition and 
friction coefficients (“C” values) of mains ; their capacity 
friction-created loss of head, and power requirements in 
pumping through such mains. Specially prepared graphs 
and diagrams supply the ready means of obtaining such 
information, without tedious calculations, and other facts 
in addition. Merely for the asking, a copy of “Useful 
Information” can be had from Hydraulic Development 
Corporation, 50 Church St., New York City. 


“Sludge Pumps’”:—In a new bulletin Ralph B. 
Carter (pump specialist for 35 years) presents pertinent 
reasons “Why Engineers Specify Carter Sludge Pumps.” 
And, so, the cover title. The No. 1 reason: Oil immersed 
reduction gears of herringbone design, and flywheel- 
sprocket with slow speed wrap-around chain drive, are 
jointly contributory to the telling distribution of shock- 
load at the change in stroke direction of the rugged Car- 
ter plungers. Other reasons: Flanged connections 
throughout; easily renewable seats of the well known 
“Humdinger” time tested rubber ball-valves; automatic 
but economical plunger lubrication, automatically main- 
tained resilient (under-plunger) air-cushion, to preclude 
pounding. With numerous clarifying photographs and 
line drawings the specifications presented cover one, two 
and three cylinder, variable speed and adjustable stroke 
Carter pumps to handle from 30 to 515 g.p.m., at 25 to 
100 per cent capacity variations. At the end, a series of 
“Questions and Answers” emphasize social pertinent fine- 
points of sludge pumping requirements. For a copy of 
“Why Engineers Specify Carter Pumps,” address Ralph 
B. Carter, ‘““Humdinger Place’—Hackensack, N. J. 


“Morris Double-Suction Centrifugals’—Are the 
subject of a new bulletin on the Morris Double-Suc- 
tion Horizontally-split centrifugal pumps for which is 
claimed remarkably high efficiency over wide ranges of 
capacities. Concisely outlined are features of impellers 
and castings responsible for improved efficiencies; the 
sturdy end-thrust bearings; stuffing boxes; machining 
and. fitting—which have all contributed to raising eff- 
ciencies. A complete table of ratings appears also. For 
Bulletin 164, address Morris Machine Works, Baldwins- 
ville, N. Y. 


“What Value Sludge?”—might be the title of a 
Royer Co. leaflet, which cites the true values of dried 
sewage sludges as soil improvers, beyond those re- 
vealed in chemical analyses. The values of disintegrated 
sludge at a profitable price, as compared to lumpy (hard 
to get rid of ) unprepared material, are set forth. Il*or 
a copy, address C. G. Wigley, 3108 Atlantic Ave., At- 
lantic City, N. J. 


“Pumps—Deep Well Turbines”——Is an expensively 
produced and profusely illustrated bulletin from Victor 
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I<quipment Company’s Kimball-Krough Pump Division 
—(for 70 years builders of pumps of many types) who 
stress their long sustained policy of “tailor-made” pumps 
for specific installations and duty. Features of their 
deep-well turbine pumps, strainers, pump heads and bear- 
ings are discussed and adequately illustrated as is eff. 
ciency ratings and the like. An impressive list of “K-K” 
Pump users is exhibited and installations pictured. Jp 
the appended section of “Useful Data” are friction and 
power conversion tables. This bulletin (No. 260) deals 
with oil lubricated pumps exclusively ; a companion byl. 
letin (No. 270) as effectively describes “K-K” water 
lubricated pumps with rubber bearings. For bulleting 
260 and 270 address Victor I-quipment Company (Pump 
Division) 512 Harrison St., San Francisco. 


“Yeomans Pumps”—lIs a new catalog on Yeomans 
pumps and pumping equipment, ejectors and compres- 
sors for water and sewage which is put together as a 
guide to engineers and architects seeking pumping equip- 
ment for whatever purpose. The booklet is arranged in 
a simple and easy-to-follow style. Yeomans Screenless 
Automatic Sewage Ejector and the long and well known 
Shone air-operated sewage ejector system are amongst 
the several more important units of equipment. For a 
copy of the useful “Architects and Engineers Book of 
Yeomans Pumps” address Yeomans Brothers Company, 
1433 Dayton St., Chicago. 


“Solencid Valves”’—Is a new 32-page illustrated 
catalog from Automatic Switch Company, pioneers in 
the development of valves operated by the solenoid-mag- 
net for the purpose of obtaining remote or automatic 
valve operations. The new catalog discusses the “Selec- 
tion of the Proper Valve,” illustrates the principal meth- 
ods of control of Solenoid Valves and electrical con- 
nections. Then follows the complete catalog of “ASCO” 
packed and packless types of valves for a variety of 
services. Attention is directed to the inclusion of 10 
new items and many price reductions since the issue of 
the previous catalog, dated 1935. Ask for Catalog No. 
20—Automatic Switch Company, 154 Grand St., New 
York City. 


“Coleman pH Electrometer”’—Is a lea‘et descrip- 
tive of the Coleman pH instrument (Electrometer) 
which features rugged sealed-glass electrodes, reads di- 
rect in pH units, and has an automatic compensator for 
temperature changes. Features of especial interest are 
ruggedness, dependability, simplicity and economy of 
operation and the reasonable price of four different 
models. (The Coleman has been described somewhat 
in detail on this page of a previous issue—that of July, 
1936—Ed.) For a copy of Bul. 372 and the new book- 
let, “Measuring pH with the Glass Electrode,” address 
Wilkins-Anderson Co., 111 North Canal Street, Chi- 
cago, Ill. 


“Concrete Pipe Sewer in Tunnel’”—Is the subject 
of an American Concrete Pipe Association engineering 
bulletin, which describes and illustrates the design, most 
practical methods and economy of constructing sewers 
of concrete pipe in tunnel, rather than open cut trench. 
Specific installations are cited and the recent project at 
Oak Park, Ill., involving 24 to 42-inch pipe is briefly 
described, as are the Wanaque, N. J., Baltimore, Md., 
and New York City projects, involving reinforced con- 
crete water pipes in tunnel. For a copy of Bulletin 
11-1936 and other Bulletins of the Association, address 
M. W. Loving, Secy., American Concrete Pipe Asso- 
ciation, 33 W. Grand Ave., Chicago, III. 
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McWANE 
PRECALKED 
JOINT 


For easy, quick installation with unskilled labor. The 
Precalked materials are already in the bell. No lead 
melting or pouring. Just socket the spigot and calk! 


OVERSIZE MALE and FEMALE THREADED 
INTERMEDIATE 
JOINT 


Always used as the 
intermediate joint in 
factory - assembled 
18-ft. lengths of 
McWane 2” cast-iron pipe for it is the only joint as 
strong and permanent as the pipe itself. 









“DID 
YOU SAY 


that 
PERMANENT 


MSWANE 2< 


COSTS ONLY A FEW 
PENNIES MORE PER 
FOOT?" 


That’s another pleasant surprise . . 
you pay no big premium to insure the 
permanence of your small mains with 
corrosion-resisting’ cast-iron pipe. 


Average costs time and again show that 
McWane 2” cast-iron mains can be laid for 
only a few pennics more per foot than a 
short-lived substitute. WHICH? Pennies 
saved in first cost . . . or pennies for perma- 
nence ... pennies to put an end to mainte- 
nance, water losses, replacements. 

Investigate ! 


A. W. W. A. week of June 7th, Buffalo, 
McWane Booth No. 30 


Sand Cast Inside and Outside 





CAST IRON PIPE COMPANY 
BIRMINGHAM, ALA SIZES 1%4'THROUGH 12” 


Chicago, Dallas, Denver, Kansas City, New York. Portland, 
Ore., Salt Lake City, San Francisco, Los Angeles 














“Sewage and Sludge—Its Measurement, Control 
and Chemical Treatment.” —In a new 23 page bul- 
letin, as interesting and illuminating as it is fresh from 
the print shop, Builders Iron Foundry—(producers of 
the first Venturi Tube)—sets forth many pertinent and 
timely facts concerning newer developments in the meas- 
uring of sewage and sludge flows. Also, presented are 
facts pertaining to the exact control and economy of 
chemical feeding through the use of Venturi tube actu- 
ated equipment and chemical feeders. Herschel, the in- 
ventor of the Venturi Tube (1887), would find much of 
interest in the applications of his invention in modern 
sewerage practice—especially in the diagrammatic layout 
of a modern treatment plant, showing the numerous loca- 
tions of uses of Venturi Tubes. Furthermore, those de- 
vices actuated by his tubes take the guess out of expen- 





sive modern sewage treatment and keep dollars in the 
taxpayers pocket. The bulletin presents a good discussion 
of the characteristics, and applications of Venturi Tubes, 
Parshall Flumes, Kennison Nozzles, Weirs and the 
proper selection of primary elements, and indicating and 
recording units. Then follows a section devoted to per- 
formance, and adaptations of the Chronoflo Meter. An- 
other deals with chemical proportioning feeders (solu- 
tion and dry types), automatically controlled through 
Chronoflo Power units actuated by the flow measuring 
device. The closing section is devoted to “Suction Well 
Level and Pump Rate Control” through a new adapta- 
tion of the Chronoflo Rate Setter. Attractively put to- 
gether and more educational than commercial, engineers 
will enjoy a perusal of B.I.F. Bulletin 287. Address, 
Builders Iron Foundry, 9 Codding St., Providence, R. I. 
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WAREHAM, MASS. The war in 
this trench is a fight for more 
economical water transportation. 
Enlisted in this cause, Transite 
Pipe . . . an asbestos-cement 
product . . . provides resistance 
to corrosion and immunity to 
tuberculation throughout its 
many years of virtually main- 
tenance-free service. 


APOLLO, PA. On this typical water- 
works job, Transite Pipe...the modern, 
non-tuberculating water carrier...will 
permanently maintain its initial flow 
coefficient of C-140. 


SOUTH RIVER, N. J. The elimination 
of all mechanical equipment (except on 
the largest sizes) is a big factor in the 
low installation cost of Johns- Manville 
Transite Pressure Pipe. 


MARSHFIELD, MASS. Difficult in- 
stallations like this are made easy with 
Transite Pipe. With its Simplex Coup- 
lings, rapid assembly is assured. 


HUNTSVILLE, MO. Another munici- 
pality protects its water-pipe system 
against corrosion and tuberculation by 
the use of non-metallic, virtually main- 
tenance-free Transite Pipe. 


uct, Transite Pipe provides the lasting re- 
sistance to corrosive soil action always a4 
pre-eminent problem in locations like this. 
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TUCSON, ARIZ. Here, as on 
every installation, Johns- 
Manville Transite Pipe’s as- 
bestos-cement composition 
provides maximum assurance 
of lasting, trouble-free service. 


BASTROP, TEX. Ease of 
installation is not confined to 
straightaways. The Simplex 
Couplings used with Transite 
Pipe assure the flexibility 
needed for economical jobs on 
upgrades and bends as well. 


In defense of economical water supply, 
Transite Pipe carries on its successful fight 
against destructive agencies that shorten 
the effective life of ordinary water pipe 


ARS may come and go, but 

wherever water must be car- 
ried, pipe lines wage a perpetual 
underground battle against cor- 
rosion and tuberculation ... major 
enemies of permanently effective 
water-supply systems. 


Each passing day...on some new 
front ... Transite Pipe, in defense 
of economical water transportation, 
“digs in” for another victory. An 
asbestos-cement product, this mod- 
ern water carrier offers Jasting re- 
sistance to corrosive soil action, 
absolute immunity to tubercula- 
tion. And, as a result... 


Pumping Costs Stay Low! 


Transite Pressure Pipe’s initial flow 
coefficient is conservatively given 
as C-140. With tuberculation a 
physical impossibility, this pipe’s 
delivery capacity remains pegged 
at that high figure indefinitely. And 
the chance of leaks offsetting this in- 
valuable advantage is reduced toa 


PAWTUCKET, R. 1. Note 
the narrowness of the 
trench...accounted for by 
the Simplex Couplings on 
this Transite Pipe installa- 
tion. These couplings need 
no caulking... make for 
rapid assembly. 


minimum. For the Simplex Couplings 
usedon Transite Pipe are bottle-tight. 


Virtually Maintenance-Free! 


Because of the permanence of the 
two imperishable materials from 
which it is made, Transite Pipe’s 
effectiveness as a water carrier is 
maintained at practically no up- 
keep. Its immunity to tubercula- 
tion eliminates shutdown and clean- 
out expenses. And this, coupled 
with its unusual resistance to corro- 
sion, means years of virtual freedom 
from maintenance. 


Savings Begin at Installation! 


The very first day Transite Pipe 
“‘digs in,” its fight against the high 
cost of water transportation starts! 
Relatively light, easily handled, its 
use effects important installation 
economies. Except on the largest 
sizes, no mechanical equipment is 
needed. And its Simplex Couplings 
require no caulking. Rapidly as- 
sembled by unskilled labor, they 
assure easy, foolproof installation. 

For complete details on the char- 
acteristics of Transite Pipe and the 
reductions its use assures in pump- 
ing, maintenance and installation 
costs, write to Johns-Manville, 22 
East 40th Street, New York City. 


EY 
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Consulting Engineers 
picta listing (it PE field of 


WATER WORKS & SEWERAGE 


AS 



























Albright & Friel, Inc. 


Engineers 


Chester E. Albright Francis S. Friel 
Water Supply and Purification 
Sewerage and Sewage Disposal 


Industrial Waste and Refuse Disposal 





Fuller & McClintock 
Engineers 


F. G. Cunningham 

Elmer G. Manahan Ernest W. Whitlock 
H. K. Gatley 

Waterworks, 


Sewage Treatment, Sewers, 








Nussbaumer & Clarke, Inc. 
Newell L. Nussbaumer Irving Clarke 
Z. B. Phelps, Jr. 


Water Supply & Purification 
Sewerage & Sewage Disposal 





































Investigations Valuations Reports Purification, Drainage, Waste Disposal, Garbage Incineration 
1520 Locust Street Valuations 327 Franklin St. _ 69 Henry St. 
Philadelphia, Penna. 11 PARK PLACE NEW YORK Buffalo, N. Y. Binghamton, N. Y, 

John W. Alvord i 1 aac 

se Chastes B. Derdick Gascoigne & Associates Malcolm Pirnie 

Louis R. Howson Consulting Sanitary Engineers Engi 
Donald H. Maxwell G. B. Gascoigne A. A Burger ngmeers 
4 w. L. H EF. W. J 
Alvord, Burdick & Howson at nn ey Water Suevty, Sete, Santee 
Engineers Water, Sewage, Garbage and Industrial eports, ans, Estimates. 

Water Works, Water Purification, Flood ee ee Supervision and Operation. 
Relief, Sewerage, Sewage Disposal, Drain- 4 

ase, “Appraieaia, Power Generation CLEVELAND NEW YORK Valuation and Rates. 
Civic Opera Building Chicago Leader Bldg. Woolworth Bldg. 25 W. 43rd St., New York, N. Y. 



































Barstow & LeFeber, Inc. 


Municipal—CONSULTING ENGINEERS— 
Industrial 
Water Supply and Purification, Sewerage, 
Sewage and Trade Waste Treatment, Valu- 
ations, Rates, Management, Chemical and 
Biological Laboratories. 

E. D. Barstow Alfred LeFeber 
4 Associate Engineers 

H. H. Mace L. F. Converse Wm. H. Carr 
American Bldg. Mendenhall Bldg. 
Cincinnati, Ohio Akron, Ohio 


























Greeley & Hansen 
Hydraulic and Sanitary Engineers 


Investigations and Reports. Plans and 

Specifications. Supervision of Construc- 

tion. Supervision of Operation. Water 

Supply and Purification, Sewerage and 

Sewage Disposal, Garbage Collection and 
Disposal, Appraisals 


6 N. Michigan Avenue, Chicago, III. 





Potter, Alexander, C. E. 


Hydraulic Engineer and 
Sanitary Expert 


Sewerage and Sewage Disposal, 
Water Supply and Purification. 


50 Church St., New York 







































Black & Veatch 
CONSULTING ENGINEERS 
4706 Broadway, Kansas City, Mo. 


Sewerage, Sewage Disposal, Water Supply, 


Water Purification, Electric Lighting, 
Power Plants, Valuations, Special Investi- 
gations, Reports and Laboratory Service 
E. B. Black N. T. Veatch, Jr. 
A. P. Learned H. F. Lutz 
F. M. Veatch E. H. Dunmire 
E. L. Filby 





Nicholas S. Hill Associates 


Consulting Engineers 
Water Supply, Sewage Disposal, Hydraulic 


Developments, Reports, Investigations, 
Valuations, Rates, Design Construction, 
Operation, Management, Chemical and 


Biological Laboratories. 


112 East 19th St. 
New ¥ork 











Thomas M. Riddick 


Consulting Chemist 


Municipal and Industrial Water Purifica- 
tion, Sewage Treatment, Operating Super- 
vision of Plants, Sanitary Surveys, Stream 
Pollution Investigation, Swimming Pool 
Control. Chemical and_ Bacteriological 
Analyses, Testing of Materials. 


369 East 149th Street, New York City 
(Tel.: Melrose 5-6579) 


































Burns & McDonnell 


Engineering Co. 
McDONNELL-SMITH-BALDWIN- 
TIMANUS-McDONNELL 
Consulting Engineers Since 1897 
Waterworks, Light and Power, Sewerage, 
Reports, Designs, Appraisals, 
Rate Investigations 
Kansas City, Mo., 107 West Linwood Blvd. 
Cincinnati, Ohio, 307 East Fourth St. 

Albany, N. Y., 11 North Pearl St. 








s 


Morris Knowles, Inc. 
Engmeers 


Water Supply and Purification, Sewerage 
>and Sewage Disposal, Valuations, Labora- 
tory, City Planning. 


Pittsburgh, Pa. 














Russell & Axon 


Consulting Engineers, Inc. 


Geo. S. Russell—John C. Pritchard 
E. T. Jones 


Sewerage, Sewage Disposal, Water 
Works, Filtration, Softening, 
Power Plants 


4903 Delmar Blvd. St. Louis, Mo. 































Chester, Campbell, Davis & Bankson 


The Chester Engineers 


Water Supply and Purification, Sewerage 
and Sewage Treatment, Power Develop- 
ment and Applications 


Investigations, Appraisals, Rates, Testi- 
mony, Design, Supervision, Operation, 
Accountmg 


130 Seventh Street, Pittsburgh, Pa. 





Metcalf & Eddy 


Engineers 
Water, Sewage, Drainage, Refuse and 
Industrial Wastes Problems, Laboratory, 
Valuations. 


Statler Bldg., Boston 

















Whitman & Howard 


Harry W. Clark 
Associate Engineers (Est. 1869—Inc. 1924) 
Channing Howard Paul F. Howard 
Walter A. Janvrin C. Roger Pearson 
Water Supply, Water Purification, Sewer- 
age, Sewage Disposal, Water Front Im- 


provements and all Municipal and Indus- 
trial Development Problems, Investigations, 
Reports, Designs, Supervision, Valuations. 


89 Broad St., Boston, Mass. 
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Our beautifully illustrated catalog—now available for free distribution—fully 
describes the modern Victor-Kimball-Krogh Deep-Well Turbine: the Pump into 
which has been built over 70 years of engineering and manufacturing 


experience to achieve maximum operating economy and durability. Ask 
for Bulletin No. 260. 


VICIOR EQUIPMEN] COMPANY 


KIMBALL-KROGH PUMP DIVISION 
515 Harrison Street 1010 E. 62d Street 


SAN FRANCISCO LOS ANGELES 
SALINAS SAN JOSE FRESNO BAKERSFIELD 
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CAN WE HELP 
YOU? 


On other pages in this issue you will find described 
new and improved equipment, etc., as well as reviews 
of recent trade literature received by us. By request- 
ing the literature described you will be able to keep 
your catalog file complete and up to date. 


To our readers desiring additional help or informa- 
tion we will be glad to assist you in securing more 
complete information or data on any equipment or 
product you need. Use the convenient blank below 
—no cost or obligation. 





WATER WORKS & SEWERAGE, 
155 East 44th Street, New York, N. Y. 


Gentlemen:—We are interested in the following items and would appreciate your assistance in securing 


more complete information. 
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FERRIC G 
CHLORIDE 


The supreme sewage coagulent... 


















As pioneers in the production of liquid Ferric Chloride 
for use in sewage disposal, Pennsylvania Salt Manufacturing 
Company has been pre-eminent in developing the most economical 
and effective methods of using this product. 


Its effective use has been proved in 


Sludge Dewatering 
Raw Sludge 
Raw Activated Sludge 
Digested Sludge 
Mixed Sludge 
Coagulation 
Raw Sewage 
Settled Sewage 
Industrial Sewage 
Mixed Domestic and Industrial Sewage 





We will gladly advise you on all chemical sewage treatment problems. 


PENNSYLVANIA SALT MANUFACTURING COMPANY - Est. 1859 
WIDENER BLDG., PHILADELPHIA, PA. 
OFFICES: NEW YORK » CHICAGO - ST. LOUIS - PITTSBURGH - TACOMA + WYANDOTTE 





PENNSYUVANIA/SALT 
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"DEPENDABLE PRODUCT 
IN DEPENDABLE 
EQUIPMENT... 


Manufactured by 





Monsanto Chemical Lompany 
Sr. Lours.U.S.A. 


Chlorine is manufactured and shipped from 
our works at Monsanto (East St. Louis), fil. 


Other Products: 


FERRISUL... 


An excellent coagulant. 


SANTOSITE... 


An efficient and economical 
reducing agent for removing 
dissolved oxygen. 





-Nlonsanto 
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DRACCO 


PNEUMATIC CONVEYO AY 


cal 
1. Control of dust when transporting pow- 
dered material. 2. Continuous automatic 
operation. 3. Low maintenance cost. 4, 
Labor saving. 5. Improved working condi. 
tions. 6. Lower cost of material due to receiy. 
ing same in bulk. 7. Saving in cost of 
packaging. 8. No loss of material in handling, 
9. No contamination, 10. No interfering 
with the existing machinery. 





te 
DRACCO 


Pneumatic 


Conveyor in 
Springfield, Ill., 
Filtration Plant 








DRACCO 


ENGINEERS 
Ca/r REDUCE 


PARTIAL LIST OF DRACCO INSTALLATIONS 
FRIDLEY FILTRATION PLANT Minneapolis, Minn. 
DALECARLIA FILTRATION PLANT Washington, D. C. 
MUNICIPAL WATER SOFTENING PLANT... Sandusky, Ohio 
MUNICIPAL WATER SOFTENING PLANT..............-.------2 000s Ames, lowa 
LEMIEUX ISLAND FILTRATION PLANT.. Ottawa, Ontario, Canada 
MAHONING YALLEY SANITARY DISTRICT Niles, Ohio 
MUNICIPAL WATER PLANT 
MUNICIPAL WATER PLANT 
U. S. GOVT. FILTRATION PLANT Fort Leavenworth, Kansas 
MUNICIPAL WATER PLANT Hamilton, Ohio 
ee i eer arr Dallas, Texas 
MUNICIPAL WATER PLANT Richmond, Va. 


Peru, Illinois 


@ For Further Information Write oy 


DRACCO CORPORATION 


Successors to The Dust Recovering & Conveying Co. 


4079 E. 116th St., Cleveland, O.; New York Office, 130 W. 42nd St. 





| PNEUMATIC CONVEYORS © DUST COLLECTORS || 
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‘ Jointing Compound A SPECIAL PRODUCT FOR 


ail combines ALL these PURIFYING WATER 


4, & 
ondi- Advantages The experience of leading municipalities 









































ACTIVATED CARBON 





Ceiy- confirms the advantages of CLIFFCHAR 
t of as an agent for removing objectionable 
ling, lL. INGOT FORM taste and odors from water supply. 

—— —easily stored and handled CLIFFCHAR, an Activated Carbon of the 


highest type, is processed only from 


2. CAN’T CHANGE selected hardwoods in a plant devoted 


exclusively to wood chemicals. Through 
composition en route to you rigid control of every step of produc- 
tion, its high quality and uniformity are 


3. NO DELAYS definitely ossvred | 


CLIFFCHAR “R” 
4M. IMPERVIOUS A SPECIFIC GRADE FOR WATER PURIFICATION 


to rain and flood In properties, size and density, CLIFFCHAR ‘’R” is specially 
suited to treat water. 


5. Makes PERMANENTLY weuihomidiine ie adauiadeaa dee 


TIGHT, trouble-free joints Extreme fineness (99% passing a 325 mesh screen) gives maxi- 


mum surface exposure with greatest possible absorptive quality. 








when more is added to melting pot 











Controlled and uniform density assures suspension period long 


@® MINERALEAD °2:ily wt enough to take full advantage of its high absorptive ability, yet 


. : stands the vi- completely settle out in ordinary settling basins. 
bration imposed by heavy street and railroad traffic 











24 hours a day, 365 days a year. @ In San Fran- The density of CLIFFCHAR is such that, with normal lengths 
cisco Bay it holds tight joints covered and uncov- of settling time, a minimum of carbon passes to the filter, giving 
ered twice a day by rising and falling tides—every proportionately longer filter runs. 
wa day in the year. @ List everything a. can ask We are glad to furnish additional information, or to report 
— of a jomting compound — then check it off as on specific questions. Your fnquiry involves no obligation. 
onli yours in 
Ohio 
Ohio 
linois 
Ohio ] 
io Le £ * " 
=  MINERALEAD P 
, Va. 
Dow 
The ATLAS MINERAL Products Company of Penna. CLIFFS DOW CHEMICAL COMPANY 
1 St. Mertztown ae Pennsylvania MARQUETTE ° MICHIGAN 





Branch Sales Offices: 30 Rockefeller Plaza, New York City—Second 
oes Our FORTY-SIXTH YEAR cnemmmmmmmmmed | ond Madison Streets, St. Lovis—135 South La Salle Street, Chicago 


Water Works and Sewerage—May, 1937 














All 








Sparling Water Measuring Equipment 


Easily Installed 
Sustained Accuracy 
Low Pressure Loss 


SPARLING RATE-OF-FLOW Immune from Frost Damage 


INDICATOR-RECORDER Interchangeable Parts 


Stock Sizes: Two-inch to 


Water Meters for Main-line 
sixty-inch. 


Service. 
Suitable for pump intake and dis- 
charge lines, gravity transmission 
mains, reservoir inlet and outlet 
lines, sewage effluence, mill and 
factory pump mains. 
Water Flow Indicators and 


Recorders. 


Auto-Metered Controls 
for automatic sampling and feeding. 


Send for descriptive 
Bulletin 304-W. 


* SPARLING 


Cincinnati 
622 Broadway 





New York 
101 Park Ave. 


Chicago 
3104 S. Michigan Ave. 


Los Angeles 
945-951 N. Main St. 


AGP IDEAL 


chosen for the 
CONEY ISLAND SEWAGE TREATMENT 
PLANT... the largest in the East! 














wm, 


ay 


BOILERS 























HE Coney Island Sewage 

Treatment Plant is the very 
last word in design and equip- 
ment. It efficiently treats up to 35 
million gallons of sewage every 
day...serves a population of 
300,000! And in this famous 
plant are nine AGP GAS-FIRED 
Heating and Hot Water installa- 
tions! 

AGP Equipment is specifically 
designed to burn sewage gas 
safely . . . economically . . . effi- 
ciently. It’s completely automatic: 
one valve controls water tem- 
perature to any pre-determined 


degree. AGP Ideal Boilers are 
completely insulated and jacketed. 
All sections are precision ground 
to provide GAS tight metal to 
metal joints. Models are avail- 
able from 31,500 to 3,480,000 
BTU per hour—capacities to meet 
every need. 


Specify AGP Ideal Boilers for 
heating sludge digestion tanks. 
And be sure to include AGP 
GAS-FIRED Automatic Storage 
Water Heaters for a constant 
supply of service water. Write 
now for full particulars. 


AMERICAN GAS PRODUCTS CORPORATION 
DIVISION OF AMERICAN RADIATOR & STANDARD SANITARY CORPORATION 


4O WEST 40™ STREET~* NEW YORK, N.Y. 











Water Works and Sewerage—Mayvy, 1937 


iv 





(Above) Three 4-GW-22 AGP Ideal Boilers in 
heater room of Coney Isiand Sewage Treat- 
ment Plant. (At Left) 75C AGP Regular Stor- 
age Water Heater in same room as above. 








101 












DEWATERING by CENTRIFUGE ... 


® This machine specifically de- 
veloped for the sanitary field. 

















® Dewaters raw or digested 
sludge. Produces solids at low 
moisture, which may be incin- 
erated without additional fuel. 
. ® Machine now operating in 
sewage plant at Toronto, Can- 
ada. Demonstration machine 
also operating at Collingswood, 
N. J. 


®Two machines have been 
adopted as standard dewater- 
ing equipment and are being 
installed at the New Niagara 
Falls sewage plant. 


@ An installation has just been 
completed for the City of New 


Yolk ot the Seimalen .t Let the American Centrifuge Machines before shipment, to fill or- 
a dao des , ders for Niagara Falls, N. Y., and 
posal plant. Save You Money! New York City (Jamaica Plant). 


























AMERICAN CENTRIFUGAL CORPORATION 
115 BROADWAY, NEW YORK CITY 

















GOLDEN-ANDERSON VALVES 


Mean 
Satisfaction-Economy-Durability 


PS PIDGQPADIITSISOSBITOOCYM 





Water Strainer 





The most efficient strainer 
for insuring clean water for 
water works, railroads, in- 
dustrial plants and process- 
ing service. Easy to clean 
and with large area. Heavy 
and extra heavy types. 


Altitude Control — Auto- 
matic, air and water cush- 
ioned. These Valves will 
hold water in elevated stor- 
age at exact predetermined 
level. No floats, long con- 
nections or complicated fix- 
tures needed. Operation is 
by static head. Places con- 
trol in accessible position, full area reduces water Thru-Flow Cone Valves 
and is unfailing in opera- 
tion. 





























Cushioned Check Valve 







The balanced design and 



















pumping costs 75%. Thor- Our engineers are at your 


Valve is always unseated axially, ro- 



















oughly cushioned to over- tated without rub or friction and re- service. They may be 
seated axially in either position; all ae 
For more than 30 years come water hammer or in one operating movement and drop able to effect a definite 
: tight in both open and closed posi- ; 
Manufacturers of shock. May be furnished tions. Furnished in sizes 6 to 72 saving for you in your 


Valves. with hand lever control. inches. valve installations. 

















a GOLDEN-ANDERSON VALVE SPECIALTY CO. 


r 1329 FULTON BLDG. PITTSBURGH, PA. 
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“SOFT WATER IS FOR NO 


SPECIAL GROUP, Jim—it will help 


everyone in this town! 





@ Yes, that is the beauty of advocating a muni- 
cipal water softening plant. It reaches into every 
home, every family—whether owners or renters. 
It helps rich and poor. Workers, white collar men, 
employers, everyone. 


Soft water makes every housewife’s work 
easier—makes scrubbing, cleaning, laundering 
and dish-washing more effective and less labori- 
ous. Velvety soft water is delightful for bathing 
—better for shaving and shampooing—better for 
skin and complexion—saves soap—leaves no 
“ring” around bathtub or basin—prevents costly 
stoppage of plumbing by hard water scale. Soft 
water is better for cooking, better for the health 
and comfort of every member of the family. 


Permutit municipal water softening®equip- 
ment for your town will make life more pleasant 
for all of your citizens. It will help your indus- 
tries, too, many of which are handicapped by 
hard water. And it helps to bring in new indus- 
tries that soft water will attract. 


The Permutit Company is the largest organi- 
zation in the world specializing in water condi- 
tioning. In addition to removing hardness, many 
municipalities use Permutit equipment to filter 
their water supply under constant automatic 
control, to remove dirt, bad color, bad taste, 
iron, etc. Write for complete information. Ad- 
dress The Permutit Company, Dept.G1,330 West 
42nd Street, New York, N. Y. 


__ PermutiteT 
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STEEL PIPE 


Coated bu 
BBELL Process 


HILL HUBBELL Process 
TAY] 1) ace 1) ON 


Offers You many 
ADVANTAGES 


Many Water Works Engineers have found that STEEL PIPE 
coated inside and out by the HILL-HUBBELL Process offers 
STEEL PIPE will withstand vibrations caused 
by heavy loads that have been responsible for so many breaks, 
STEEL PIPE will withstand high pressure, bending and deflec- 
tion, and has high bursting strength. Coating INSIDE prevents 
tuberculation and incrustation and this assures capacity flow. 
You can’t beat STEEL PIPE coated by the HILL-HUBBELL 
Process for supply and transmission lines. 


many advantages. 


Steel water mains 
have been in service for over 50 years, and by coating inside and 
out the HILL-HUBBELL 

way, the life of STEEL 

PIPE will be greatly in- 

creased. 


PIP 
STEEL PIPE 
INSIDE2¢QUT 


Every Water Works Engineer and Super- 

intendent should have this book. It con- 

tains many illustrations and describes in 

detail the HILL-HUBBELL Process of 

coating STEEL PIPE, inside and out. It << pAINT 
also contains prices. Use your letterhead GENERAL 

and mail your request to our nearest office. 


GENERAL PAINT CORPORATION 


HILL, HUBBELL & CO. « Division - Cleveland, Ohio 


CHICAGO -SAN FRANCISCO-LOS ANGELES: OAKLAND- PORTLAND - SEATTLE -SPOKANE- DENVER- TULSA 














LET’S LOOK 
AT THE RECORD 


Seventy-seven continuous 
years of service! Since 1860 
UWMCO products have 
been sold to Water Depart- 
ments in every state in this 
country. We take great pride 
in our achievements, and will 
continue our efforts toward 
the improvement of our prod- 
ucts, in order that our cus- 
tomers may be able to obtain 
the best of quality at a lower 
price. 





LIST OF PRODUCTS 


Water Meters: Disc, Velocity, and Com- 
pound. Corporation, Curb and Waste 
Cocks. Flared Copper Tubing Fittings. 
Water Pressure Regulators and Altitude 
Valves. Chronometer Valves. Worcester 
Fire Signals. 


Union Water Meter Co. 


WORCESTER, MASS. 














SUMMER 
ALKALINITY 








. fEX > 
ee 
tog ot, . 
F ork’ 
tee, ae LS 
a Ee bac: 


One of many problems 
that F'errisul can solve 
Because of its high efficiency on the alkaline side, Ferri- 


sul (anhydrous ferric sulfate) is an excellent coagulant 
for use in summer when algae growth increases alkalin- 


| ity. An all-around coagulant, producing a heavy, volu- 
| minous floc over a wide pH range, Ferrisul has proved 









especially useful in: 

Removal of Manganese 

Clarification of highly turbid hard waters which 

have been softened 

Clarification of unsoftened turbid waters of high 

permanent hardness 

Removal of color on the acid side from waters 

containing CO, 

Fast floc formation in cold waters 
Ask your consulting engineers about the use of Ferrisul 
to solve your specific problems, or write us for further 
information. Merrimac Chemical Co., Everett Station, 
Boston, Mass. (A subsidiary of Monsanto Chemical 


Company.) 
a rrl (anhydrous 


ferric sulfate) 


FOR WATER TREATMENT 
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BEGINS AT THE 
PROPERTY LINE 


YOuR entire property, en- 


closed with Pittsburgh Fence, 
becomes a well-protected, 
well-controlled unit where pil- 
fering and outside interfer- 
ence are reduced to a mini- 
mum. The cost of a Pittsburgh 


Chain Link Fence is small 
when measured by the years 
of protection it gives your 
plant and equipment. Let us 
estimate the cost of enclosing 
your property with Pittsburgh 
Fence. There is no obligation. 


< 
DISTINGUISHED 


Modern in every department of its service, 
yet never unmindful of the fine traditions 
that have made it One of the Few Famous 


Hotels in America . . . Rates begin at $5.50 


BELLEVUE 
STRATFORD 


CLAUDE H. BENNETT, General Manager 
PHILADELPHIA 


PITTSBURGH STEEL CoO., 754 Union Trust Bldg., Pittsburgh, Pa. Hs | 


€ Pittsburgh Fence 











DEPENDABILITY 
ECONOMY 
SERVICE 
SAPET TY 


FOR OVER 
NINE 
YEARS 


Y 


THE 
PARDEE ENGINEERING COMPANY 


LONG ISLAND CITY, NEW YORK 


NAONPZ=ROFIO 
WAOSP=20ES>d 
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Does Pipe Line Corrosion 
Bother YOU? 


The answer’s easy! 


On all new work use Lock Joint Concrete 
Pressure Pipe. 


Lock Joint pipe is Non-tuberculating, Non- 
corroding, has Long Life, great Strength, and 
is most Economical for Maintenance and Op- 
eration. Our more than 30 years’ experience 
includes sizes from 12 inches to over 12 feet, 
Sewer contracts for a few feet to over 50 miles, and 
Culvert pressures from zero to nearly 500 feet ahead. 


Pressure 
Suba queous Write for detailed information 
and estimates. 





LOCK JOINT i; ONCRETE PRESSURE PIPE 
oh = ah, LOCK JOINT PIPE CO. Est. 1905. Ampere, N. J. N 
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You really get two valves for 
the price of one. in point of 
service, from Hills-McCanna 
Saunders’ Patent Valves—be- 
: ° cause of their long life and low 
_— fay = upkeep. 
















































The valves cut costs wherever 
used, because they do not leak, 
stick, break, or wire-draw—and 
they will handle sludge, ferric 
chloride, alum, chlorine and 
carbon solutions, compressed 
air, water and many other sub- 
stances. Their unusual con- 
struction obviates the need of 
machined seatings and packing, 
which accounts for their 
efficiency. 





Send for interesting catalog. 


HiLLs-McCANNA Co. 2357 NELSON ST. CHICAGO 


SAUNDERS PATENT 


Ave-GVAYS oe » CHEMICALS 


AIR - WATER 

















You can prevent wear and cutting of rods, plungers, shafts and 
valve stems by using 


MABBS RAWHIDE PACKING 


In Your Water Works and Sewage Plants 
IT LASTS LONGER 


Is Anti-Frictional, Saves 
Power, Labor and Re. 
Will prove the 


packing that 
can be bought. 


Trade Mark 


pairs. 





cheapest 
Reg. U. S. Pat. Off. 


We make a specialty of Rawhide Meter Washers. 


MABBS HYDRAULIC PACKING COMPANY 
431 S. Dearborn St. Incorporated 1892 Chicago, Illinois, U.S.A. 
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THE 


NATI0 


YEARS\. 


Experience 
Ate op TIONAL WATER MAIN CLEANING 


50 CHURGH ST. NEW YorRK \ 






























before you decide on 
drying equipment. 





(Drying Chamber with 
Centrifugal Atomizer — 


18,000 R.P.M.) Send for Bulletin No.3 


BOWEN 


RESEARCH CORPORATION 
GARWOOD, NEW JERSEY 


a rt 
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“M.LW: SIPHONS 


Flushing Sewers 


Cay 


Send for 
Bulletin No. 304 


Modern Iron Works 


Quincy, Illinois 


Standard 
Sewer 
Siphons 


Rodding 
Sewer 
Siphons 


























FERROUS SULPHATE) 


-*+ FOR WATER & 
SEWAGE TREATMENT 


(The Base For Chlorinated Copperas) 


We invite your inquiries 


FAESY & BESTHOFF, INC. 


22 E. 40th St. New York 






es 


he 
at 


























——— 


For more than thirty years we have specialized in the 
art of water purification. We manufacture a full line 
of water filters, both pressure and gravity type; Zeo- 
lite water softeners; swimming pool recirculating 
equipment; and various forms of water rectification 
units. Inquiries are invited on all problems of water 


treatment. 


ROBERTS FILTER MANUFACTURING CO. 
607 COLUMBIA AVE. DARBY, PA. 





ROBERTS FILTERS 


"STANDARD OF QUALITY" ———— 














FOR SEWAGE AND WATER 
WORKS STRUCTURES OF 
EITHER IRON OR CONCRETE 
Endorsed by eminent engineers. 


EBONY PAINT MANUFACTURING COMPANY 





USED FOR OVER 
50 YEARS 


268-270 Ninth St. 
SAN FRANCISCO, CAL. 


2925 East 18th Street 
KANSAS CITY, MO. 














MORE Witer Works 


are switching to NORIT 
a cae 


THE ANSWER IS: 


@ Purer water by more efficient 
adsorption per unit of carbon. 
® Higher purification . . . at lower 
cost. 
@ Proof—supported by the testi- 
mony of well-known users—is yours 
for the asking. 

WRITE 


L.A.SALOMON & BRO. 
Selling Agento 
216 Pearl Street New York 


AMERICAN NORIT CO. fuchomulle, Ma. 





SEE US AT THE BUFFALO CONVENTION 








WATER TREATING 
EQUIPMENT 


Gravity and Pressure Filters, Softeners, 
Recarbonators, Chemical Diffusers, Cool- 
ing Towers, Standard and Special Equip- 
ment for any Water Treating Problem. 


MUNICIPAL SERVICE CO. 


Dwight Bidg. Kansas City, Mo. 























RATE OF FLOW 
CONTROLLERS 

















Th FORD 
METER TESTER 


jor WATER METERS 


Accurate, convenient and mod- 
erate in cost. Hundreds in use. 

Machines are made for testing 
one to five meters and calibrated 
tanks are made in three sizeg. y 

Write for information and prices. ee ae 








FORD METER BOX CO. 














Acemrate and Dependable 


Infilco Type CD Rate of Operating rates are con- 
Flow Controllers have né trolled simply by turning 
extra gadgets to get out a knob on the front of 
of order; no stuffing the rate setter. The de- 
boxes, pivoted levers or sign is simple and sensi- 
cumbersome _ counter- ble. Designed to meet 
weights. Sensitive to even the demands of the most 
the most slight fluctua- exacting water works 
tions in head. engineers. 


Write for Bulletin 500 





INTERNATIONAL FILTER CO. 
59 E. Van Buren Street, Chicago 
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Easy to handle Specified on many 
and Federal, State, County 
transport and Local Projects 


Corrugated Steel Sheet Piling 


STRONG ... WATERTIGHT .. . LIGHT WEIGHT 


In use at present for Bridges, 
Dams, Locks, Sewage Disposal 
Plants, Docks, Levees, etc. 


Catalog Sent on Request 


Standard Interlock 


CORRUGATED STEEL SHEET PILING CORP. 
228 N. La Salle Street Chicago, Ill. 





EDSON’S NEW HAND PUMP | 


Smallest Diaphram Pump Made, 2” 
Open Discharge. Capacity 1400 C'P.H. wenn 
s. 


THE EDSON CORP’N, 49 “D” Street 


So. Boston, Mass. 


NEW YORK: 142 Ashland PI. Brooklyn 
CHICAGO: 1064 Peoples Gas Building 
Catalog ‘‘T”? Gives Full Data, Also Edson Hand and Power 
Pumps, Suction Hose and Pump Accessories 




















ee 


Use LAMOTTE EQUIPMENT /., 
pH Control--Residual Chlorine Control! 
Boiler Feed Water Control 


LAMOTTE CHEMICAL PRODUCTS Co. 
442 Light Street, Baltimore, Md. 














STREET, SEWER AND WATER CASTINGS 


Made of wear-resisting chilled iron in various 
styles, sizes and weights. 


Write for Catalog and Prices 


SOUTH BEND FOUNDRY Co. 


Gray Iron and Semi-Steel Castings SOUTH BEND, INDIANA 











Arrowhead Grating & Treads 


Engineers’ Handbook sent on request. 


ARROWHEAD IRON WORKS, Inc. 
431 W. Sth St., Kansas City, Mo. 




















WANTED 


YOUNG SANITARY ENGINEER WITH 


WANTED 


SANITARY OR CHEMICAL ENGINEER: ‘ 
CONSULTING EXPERIENCE As superintendent of medium-sized sewage DRAFTSMAN — Experienced in 
One of the leading equipment companies plant of primary treatment and chlorina- design work, water supply engi- 
in the sewage and water treatment fields tion. Laboratory and plant operation ex- ° ‘ 
requires a graduate sanitary engineer with perience necessary. Reply. giving salary neering. Address Draftsman, Box 
at least two years’ experience with a firm expected, and experience. “‘C. H. Y.’’, care WB, Water Works & Sewerage, 
of consulting sanitary engineers for train- Water Works & Sewerage, 155 East 44th H i 
ing and eventual assignment to its Sales St., New York City. 400 W. Madison St., Chicago, Til. 
Engineering Departmet in New York cr 
Chicago. Must be under thirty, graduate * “ vf 
recognized school and have tecessary CHEMICAL ENGINEERING GRADUATE 
personal qualifications for selling to city from well known university with six 
officials and engineers. Experience in years’ experience in water purification, 
plant design, drawing specifications, esti- POSITIONS WANTED laboratory control tests, distribution sys- 
mating costs and analyzing competitive tem and office procedures. Desires a po- 
bids desired. In replying give education, Thi =iti ; 1 1 h » 
» rience veilliniman aad - is lis department has been started sition as supt. in a small plant or chem 
Box A & wane Wane Pg ag as a service to those in the Water ist in charge of purification in a large 
155 East 44th St.. New York City. Works and Sewerage Fields. We hope one. Age 29, married, can give excellent 
: they will make use of it. The notices references. Box A. F., Water Works and 
are inserted without charge. Sewerage, 400 W. Madison St., Chicago. 
SANITARY ENGINEER-CHEMIST, B. §&. 


in Chemical Engineering, graduate work 
in Sanitary Engineering. Age 30. Single. 






























































iAS OR DIESEL ENGINEER—38 years old, SANITARY ENGINEER—Would like posi- 


married. 20 years’ experience in the op- 
eration and repairing of gas and Diesel 
engines. Capable of doing expert repair 
work on any make of Gas or Diesel en- 
gine. Have had experience as erecting 
engineer. Want position with large com- 
pany as a service engineer, or as chief 
engineer in a large plant. Can give refer- 
ences that will be satisfactory to any 
company. Address R. D. D., care of 
Water Works and Sewerage, 400 W. Mad- 
ison St., Chicago. 








MUNICIPAL ENGINEER, and public 
works director, age 34, thirteen years 
with Ithaca, New York, population 21,000; 
desires responsible administrative posi- 
tion, as City Manager, Engineer or Pub- 
lic Works Director, or job in industry 
where administrative training will be of 
value. Have designed improvements to, 
and superintended operation of, sewerage 
and water works system. 

Harry W. Eustance, 321 Columbia St., 
Ithaca, New York. 








SANITARY ENGINEER—Graduate Uni- 


versity of Illinois, 1929. Desires connec- 
tion in any phase of water or sewage 
work. Miscellaneous experience in mu- 
nicipal engineering, steel and concrete de- 
sign and even commanding a C.C.C. camp. 
Have good record, initiative, am capable 
and work hard. Married and will locate 
anywhere for steady or permanent work. 
M. B. F., 400 W. Madison St., Chicago. 


tion as operator or chemist of water 
purification or sewage treatment plant 
or in design or research. Iam a Jun. Am. 
Soc. C. E. with a B. S. from Yale in Civil 
Eng. and an M. S. from Harvard in San. 
~~ 24 years old, single, Christian, and 
a hard worker. Have a _ good back- 
ground of Sanitary Chemistry, bacteriol- 
ogy; design, and operation of sewerage 
systems, disposal plants, and water 
works. I can supply excellent references, 
and be available in a week’s time. Ad- 
dress E. A. T., care Water Works and 
- fltata 400 W. Madison St., Chicago, 


Three years in sewage research. Six 
years in water purification. At present 
employed. Desires position with oppor- 
tunity either in the Water or Sewage 
Treatment Field, preferably the latter. 
c. S. N., % Water Works & Sewerage, 
155 East 44th Street, New York City. 








ENGINEER—Licensed N. Y. and N. J. 


over 20 years’ experience, municipal an 
construction; accustomed to managerial, 
supervisory and promotion work. Rated 
by former employers as resourceful, ini- 
tiative, cooperative and dependable; has 
had repeat jobs. B. M., 1234 Taylor Ave., 
Bronx, N. Y. 
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“What a 
GRAND 


and 
GLORIOUS 
FEELING” 


\ / 
...to know the water is going to be better than ever be- 
fore—and at no extra cost—by using BLACK ALUM. 


We will appreciate an opportunity of bidding on your 
coagulation requirements, on both Activated Alum and 
Regular Alum. 


Write for samples—Technical 


information gladly given. 








Activated Alum Lorp. 


WORKS: 


CURTIS BAY 
BALTIMORE, MARYLAND 


OFFICE: 


80 BROAD STREET 
NEW YORK CITY 


“The House of 


Coagulation” 





3 
\ 
Woronns oe 


Modstnigg - itpays 


Prepare for expansion—look to the future. Check 
over present equipment. Bring it up to date. Let 
us work with you on designing, fabricating or 
erecting any kind of tanks, water treating equip- 
ment or steel plate work— 

Water Filters for mineral, taste, 

color and odor removal 

Settlers 

Chlorinators 

Lime and Soda Softeners 

Zeolite Softeners 

Iron Removal Plants 

Sterilizers 


Send for Litezature Today. 


GRAVER TANK & MFG. CO., INC. 


75 Years of Dependable Sérvice 


New York, N.Y. East Chicago, Ind. Chicago, Ill. Catasauqua, Pa. 


AFFILIATED COMPANIES 


LAYNE-ARKANSAS Co. . STUTTGART, ARK. 
LAYNE-ATLANTIC Co. . . . NORFOLK, Va. 
LAYNE-CENTRAL Co. .. . MEMPH's, TENN. 
LAYNE-NORTHERN Co., MISHAWAKA, IND. 
LAYNE-LOUISIANA Co., LAKE CHARLES, LA. 
LAYNE-New York Co. . . New York City. 
LAYNE-NORTHWEST Co., MILWAUKEE. Wis. 


LAYNE-Texas Co. .. . HOUSTON, TExas. 


LAYNE-WESTERN Co. . Kansas CiTy, Mo. 
CHICAGO, ILL., AND MINNEAPOLIS, MINN. 


LayYNe-Bow.er New ENGLAND Company. 


MASSACHUSETTS. 


INTERNATIONAL WATER SuPPLY. LTD., 
Fort Erie. N. .. . . ONTARIO, CANADA. 


The Sterling Wank 
of the Pump Industry 


HE name Layne, like the word 

“Sterling,” permits no compro- 
mise with quality. Layne & Bowler, 
Inc., and their many affiliated com- 
panies, have the experience and 
equipment to efficiently solve all 
water problems. Everything from 
the original recommendation for the 
type of well, to the final drilling 
and pump installation is expertly 
handled by Layne technicians. No 
obligation is incurred by calling in 
a Layne Engineer. 


Municipal and Industrial Execu- 
tives may obtain illustrated litera- 
ture by writing Layne & Bowler. 
Inc.. Dept. D, Memphis, Tenn. 


LAYNE PUMPS 
LAYNE WELL WATER SYSTEMS 


























20° C. Although the standard test allows |° devi- 








for 
Bulletin 
No. 300 





poe biochemical oxygen 
demand determinations 


ye incubation at 


specifying 





ation from 20° C., this equipment will hold to 
within 1/2° C. or better. Capacity is 5 cubic 
feet, having 2 storage levels for a total of 75 
standard B. O. D. bottles. Features include spe- 
cial baffles to insure temperature uniformity 
throughout chamber; seamless, acid-resisting porce- 
lain liner; all metal parts rust-proof. Price $250; 
larger sizes to order. 


PRECISION SCIENTIFIC CO. 


Mfrs. of Laboratory Equipment 
1754 N. Springfield Ave., Chicago, Ill. 
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First 5 Issues of 1936 Carried 168 pages 
> First 5 Issues of 1937 Carried 238 pages 
Average gain of 14 pages per issue over 1936 


The 17 issues, January, 1936, to May, 1937, have carried adv 
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equipment. 121 manufacturers are represented inthis May iss 
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FOREWORD 


GILLETTE PUBLISHING COMPANY presents herewith 
the Reference and Data Number of Water Works AND 


SEWERAGE. 


This section has been prepared by Mr. L. H. Enslow, Editor 
of Water Works and Sewerage, and gives the equivalent of a 
handbook of data on the design, construction, operation and 


maintenance of water works and sewerage systems. 


The contents are carefully selected matter from the files of 
Water Works and Sewerage and from other sources named in the 
text. In addition, a considerable effort has been made to secure 
the latest hydraulic tables and standards and the most economical 
methods. In a word, the same conscientious work has been put 
into the preparation of the section as would be expected in a 


book devoted exclusively to the same purpose. 
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”SSIFIED INDEX of PRODUCTS 


Although this index is not published as a COMPLETE index of all materials and equipment used in the 
Water Works and Sewerage fields—it really is a very comprehensive list of products. It includes 





equipment and materials produced or marketed in this field by 157 manufacturers who have used 
WATER WORKS AND SEWERAGE in advertising such products during 1936 and 1937. Of these 157 
manufacturers you will find the advertisements of 121 in this issue. 





ABRASIVES - P 
Carborundum Co., Niagara Falls, 


Norton ‘Co., Worcester, Mass. 
ACID, HYDROCHLORIC 
Faesy & Besthoff, Inc., 22 E. 40th 
St., New York City. 
Merrimac Chemical Co., Boston, 
Mass. 
Penn Salt Mfg. Co., Widener Bldg., 
Philadelphia, Pa. 
ACID, SULPHURIC 
Faesy & Besthoff, Inc., 22 E. 40th 
St., New York City. 
Merrimac Chemical Co., Boston, 
Mas 
Penn. Salt Mfg. Co., Widener Bldg., 
Philadelphia, Pa. 
ACTIVATED AND BLACK ALUM 
Activated Alum Corp., 80 Broad St., 
New York City. 


ACTIVATED CARBON 


Cliffs-Dow Chemical Co., Marquette, 
Mich. 

Industrial Chemical Sales Co., 230 
Park Ave., New York City. 

Intl. Filter Co., 59 E. Van Buren 
St., Chicago, Ill. 

Permutit Co., 330 W. 42nd St., New 
York City. 

L. A. Salomon & Bros., 216 Pearl 
St., New York City. 


ACTIVATED SLUDGE PLANTS 
Carborundum Co., Niagara Falls, 
. 2 


Chain Belt Co., Milwaukee, Wis. 

Chicago Pump Co., 2349 Wolfram 
St., Chicago, Ill. 

Dorr Co., 570 Lexington Ave., New 
York City. 

Jeffrey Mfg. Co., Columbus, Ohio. 

Norton Co., Worcester, Mass. 

Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia, Pa. 

Simplex Valve & Meter Co., Phila- 
delphia, Pa. 


AERATION APPARATUS 
Copeepntom Co., Niagara Falls, 
Chicago Pump Co., 2349 Wolfram 
t., Chicago, Ill. 

Dorr Co., 570 Lexington Ave., New 
York City. 

Intl. Filter Co., 59 E. Van Buren 
St., Chicago, Il. 

Lancaster Iron Works, 122 E. 42nd 
St., New York City. 

Link- Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia, Pa. 

Municipal Sanitary Service, 155 E. 
44th St., New York City. 

Norton Co., Worcester, Mass. 

Permutit Co., 330 W. 42nd St., New 
York City 

Simplex Vaive & Meter Co., 68th 
and Upland, Philadelphia, Pa 

Vogt Mfg. Co., Louisville, Ky. 


AIR TOOLS, CONSTRUCTION 
Worthington Pump & Machy. Corp., 
Harrison, N. J. 
ALLOY BODIED VALVES 


Hills-MeCanna Co., 2349 Nelson 8t., 
Chicago, Il. 





ALLOY ag IRON PIPE AND 


FITT 


American Cast Iron Pipe Co., Bir- 
mingham, Ala. 


Cast Iron Pipe Research Assn., 122 
S. Michigan Ave., Chicago. 

Crane Co., 836 S. Michigan Ave., 
Chicago, Ill. 

Lynchburg Foundry Co., Lynchburg, 
V 


a. 
U. S. Pipe & Foundry Co., Burling- 
ton, N. J. 


ALUM, AMMONIA 


Activated Alum Corp., 80 Broad St., 
New York City. 

Faesy & Besthoff, Inc., 22 E. 40th 
St., New York City. 

Merrimac Chemical Co., Boston, 
Mass. 

Penn. Salt Mfg. Co., Widener Bldg., 
Philadelphia, Pa. 


ALUM, BLACK 


Activated Alum Corp., 80 Broad 
St., New York City. 


ALUM, FILTER, COMMERCIAL, 


IRON-FREE 

Activated Alum Corp., 80 Broad St., 
New York City. 

Faesy & Besthoff, Inc., 22 E. 40th 
St.. New York City. 

Merrimac Chemical Co., Boston, 
Mass. 

Penn. Salt Mfg. Co., Widener Bldg., 
Philadelphia, Pa. 


ALUMINUM SULFATE 


Activated Alum Corp., 80 Broad St., 
New York City. 

Faesy & Besthoff, Inc., 22 E. 40th 
St., New York City. 

Merrimac Chemical Co., Boston, 
Mass. 

Penn. Mfg. Co., Widener Bldg., 
Philadelphia, Pa. 


AMMONIA 


Mathieson Alkali Works, 60 E. 42nd 
St., New York City. 

Merrimac Chemical Co., Boston, 
Mass. 

Penn, Salt Mfg. Co., Widener Bldg., 
Philadelphia, Pa. 


AMMONIA, ANHYDROUS & AQUA 


The Barrett Co., 40 Rector St., New 
York City. 

Great Western Electro-Chemical Co., 
9 Main St., San Francisco, Calif. 

Mathieson Alkali Wks., Inc., 60 E. 
42nd St., New York City. 

Merrimac Chemical Co., Boston, 


Mass. 
Penn. Salt Mfg. Co.,-Widener Bldg., 
Philadelphia, Pa. 


AMMONIATORS 


Everson Mfg. Co., 233 W. Huron 
t., Chicago, Ill. 


“Omega Mach. Co., Inc.,4010 Penn 


Ave., Kansas City, Mo. 

Pardee Engineering Co., Long 
Island City, N. Y. 

Proportioneers, Inc., 9 Codding St., 
Providence, R. I. 

Wallace & Tiernan Co., Inc., New- 
ark, N. J 





Wilson Chemical Feeders, Inc., Buf- 
falo, N. Y. 


ANALYTICAL WARE 
Carborundum Co., Niagara Falls, 
> 


Eimer & Amend, 18th and 3rd Ave., 
New York City. 

Norton Co., Worcester, Mass. 

Phipps & Bird, 915 E. Cary St., 
Richmond, Va. 


ANTHRAFILT 
Hudson Coal Co., Scranton, Pa. 
ASBESTOS-CEMENT PIPE 
Eimer & Amend, 18th and 3rd Ave., 
New York City. 
Johns-Manville Co., 22 E. 40th St., 
New York City. 


ASH AND COAL HANDLING 

MACHINERY 

Chain Belt Co., Milwaukee, Wis. 

Combustion Engrg. Co., 200 Madi- 
son Ave., New York City. 

Dracco Corp., Cleveland, Ohio. 

Fuller Co., Catasauqua, Pa. 

Gruendler Crusher & Pulverizer Co., 
2915 N. Market St., St. Louis, 
Mo. 

Jeffrey Mfg. Co., Columbus, Ohio. 

a Rheolaveur Co., Pittsburgh, 


a. 

Link-Belt Co., 300 W. Pershing Rd., 
Chicago, Ill. 

Syntron Company, 400 N. Lexington 
Ave., Pittsburgh, Pa. 


ASPIRATORS 
Vogt Mfg. Co., Louisville, Ky. 
AUTOMATIC FILTER AND 
SOFTENER CONTROLS 
Builders Iron Foundry Co., 9 Cod- 
ding St., Providence, R. I. 
_ Filter Co., 59 E. Van Buren 
Chicago, Ill. 
panne Co., 330 Ww. 42nd St., New 
York City. 
Simplex Valve & Meter Co., Phila- 
delphia, Pa. 


BACK FILLERS 
Link-Belt Co., 300 W. Pershing Rd., 
Chicago, Ill. 
BAR SCREENS 
Chain Belt Co., Milwaukee, Wis. 
Dorr Co., 570 Lexington Ave., New 
York City. 
Filtration Equipment Corp., 10 BE. 
40th St., New York City. 
Jeffrey Mfg. Co., Columbus, Ohio. 
Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia, Pa. 
Municipal Sanitary Service Corp., 
155 B. 44th St., New York City. 
BEARINGS 
Chain Belt Co., Milwaukee, Wis. 
Link-Belt Co., 300 W. Pershing Rd., 
Chicago, Ill. 
BELTS, SEWER PIPE 
Servicised Prod. Corp., 6051 W. 65th 
St., Chicago, Il. 
BINS, STEEL 
Blaw-Knox Company, Pittsburgh, 
Pa. 





Chain Belt Co., Milwaukee, Wis. 

Chicago Bridge & Iron W orks, 2198 
Old Colony Bldg., Chicago, Ill. 

Greundler Crusher & Pulverizer Co., 
2915 N. Market St., St. Louis, 


Mo. 

Jeffrey Mfg. Co., Columbus, Ohio. 

Link-Belt Co., 300 W. Pershing Rd., 
Chicago, Ill. 

Pittsburgh-Des Moines Steel Co., 
Pittsburgh, Pa. 


BINS, STORAGE 
Chain Belt Co., Milwaukee, Wis. 
Chicago Bridge & Iron Company, 
2198 Old Colony Bldg., Chicago, 
Ill. 


Gruendler Crusher & Pulverizer Co., 
2915 N. Market St., St. Louis, 


Mo. 
Jeffrey Mfg. Co., Columbus, Ohio. 
Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia, Pa. 
Pittsburgh-Des Moines Steel Co., 
Pittsburgh, Pa. 


BLACK ALUM 


Activated Alum Corp., 80 Broad St., 
New York City. : 


BLEACHING POWDER 


Electro Bleaching Gas Co., 9 E. 
4ist St., New York City. ' 
Faesy & Besthoff, Inc., 22 E. 40th 
St., New York City. 

Mathieson Alkali Wks., 60 BE. 42nd 
St., New York City. 

Niagara Alkali sa 9 E. 41st St., 
New York Cit 

Penn, Salt Mfg. Go. Widener Bldg., 
Philadelphia, Pa. 


BOILER FEED PUMP CONTROL 


Automatic Primer Co., 1138 W. 
Washington St., Chicago, Ill... 
Bailey Meter Co., 1050 Ivanhoe Rd., 

Cleveland, Ohio. 


BOILER FEEDWATER 

TREATMENT 

Activated Alum Corp., 80 Broad St., 
New York City. 

Dorr Co., 570 Lexington Ave., New 
York City. 

Hellige, Inc., 3718 Northern Blvd., 
Long Island Olty,. . =. 

Intl. Filter Co., 59 E. Van Buren 
St., Chicago, II. 

La Motte Chem, Prod. Co., Balti- 
more, Md. 

Merrimac Chem. Co., Boston, Mass. 

National Aluminate Corp., 6216 W. 
66th Pl., Chicago, Ill. 

Permutit Co., 330 W. 42nd ‘St., New 
York City. 

Proportioneers, Inc., 9 Codding S8t., 
Providence, R. I. 


BOILER FURNACE, BRICK 
eae Co., Niagara Falls, 


Norton Co., Worcester, Mass. 
BOILER PLANT ACCESSORIES 


Bailey Meter Co., 1050 _Ivanhoe 
Rd., Cleveland, Ohio. 

Permutit Co., 0 W. 42nd St., 
New York City. 

~ on Foundry Co., So. Bend, 
nd. , 
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BOILERS, GAS 
American Gas Prod. Corp., 40 W. 
40th St., New York City. 
BOILERS, STEAM 
Combustion Engrg. Co., 200 Madi- 
son Ave., New York City. 
BOILER WATER CONTROL 
EQUIPMENT (pH & PHOS- 
PHATE) 


Proportioneers, Inc., 9 Codding St., 
Providence, R 


W. A. Taylor & Co., Inc., 872 Lin- 
den Ave., Baltimore, s 


BOILER WATER PURIFICA- 
TION APPARATUS 


Dorr Co., 570 Lexington Ave., New 




































































































































































York City. 
Intl. Filter Co., 59 E. Van Buren 
St., Chicago, Il. 








Permutit Co., 330 W. 42nd S&t., 
New York City. 

Proportioneers, Inc., 9 Codding St., 
Providence, R. I. 

as Filter Mfg. Co., Darby, 

‘a. 






























































BOXES, VALVES, ROADWAY, 
MITER 

















Crane Co., 836 S. Michigan Ave., 
Chicago, Ill. 
M. & H. Valve & Fittings Co., 








Anniston, Ala. 
Modern Iron Works, Quincy, III. 
Mueller Co., Decatur, Ill. 
BRACES, TRENCH, EXCAVATION 
Edelblute Mfg. Co., Reynoldsville, 


a. 
Templeton-Kenly & Co., 1020 S. 
Central Ave., Chicago, Ill. 


BRAKES, MAGNETIC, MECHANI- 
CAL, HYDRAULIC 
The Clark Controller Co., 1146 East 
152nd St., Cleveland, Ohio. 
BREECHINGS, STEEL 
Chicago Bridge & Iron Company, 
2198 Old Colony Bldg., Chicago, 


















































































































































Til, 
Pittsburgh-Des Moines Steel Co., 
Pittsburgh, Pa. 
BRICKS, ACID PROOF 
Sauereisen Cements Co., 7 “aed 











Station, Pittsburgh (15), E 
BUCKET LOADERS 
Barber Greene Co., Aurora, Ill. 
Jeffrey Mfg. Co., Columbus, Ohio. 
Link-Belt Co., 2045 W. Hunting 
Park Ave., ‘Philadelphia, Pa. 
BUCKETS, CLAMSHELL 
Blaw-Knox Co., Pittsburgh, Pa. 


BUCKETS, DREDGING & 
EXCAVATING 


Blaw-Knox Co., 
Link-Belt Co., 
Rd., Chicago, Ill. 
BUCKETS, SEWER 
Champion Corp., Hammond, Ind. 
BUFFER SOLUTIONS & MIXTURES 


Hellige, Inc., 3718 Northern Blvd., 
Long Island Caer, We Ee 


































































































Pittsburgh, Pa. 
300 W. Pershing 
































































































































LaMotte Chem. Prod. Co., Balti- 
more, Md. 

W. A. Taylor & Co., 872 Linden 
Ave., Baltimore, Md. 

CALCIUM HYPOCHLORITE 

Electro Bleaching Gas Co., 9 E. 
4ist St., New York City. 

Gt. Western Electro-Chemical Co., 





9 Main 8t., San Francisco, Calif. 
Mathieson Alkali Wks., 60 BE. 42nd 
St., New York City. 
Niagara Alkali Co., 9 E. 41st St., 
New York City 
Penn. Salt Mfg. Co., Widener Bldg., 
Philadelphia, Pa. 


CALKING MACHINES AND TOOLS 


Syntron Co., 400 N. Lexington Ave., 
Pittsburgh, Pa. 


CARBON-ACTIVATED 
(See Activated Carbon.) 










































































































































































CARBONATORS 
Cogpeqyatem Co., Niagara Falls, 
Int. Filter Co., 59 E. Van Buren 
St., Chicago, Ill. 
Norton Co., Worcester, Mass. 
Permutit Co., oa W. 42nd S&t., 
New ge ~~ 
Vogt Mfg. uisville, Ky. 
CASINGS & poe mca 
STEAM PIPES 





























S. Michigan Ave., Chicago, Ill. 
Chain Belt Co., Milwaukee, Wis. 
Western Gas Div., Koppers 

Ft. Wayne, Ind. 
Link-Belt Co., 


Park Ave., Philadelphia, Pa. 


lington, N. 
CASTINGS, MUNICIPAL 


S. Michigan Ave., Chicago, 
Chain Belt Co., Milwaukee, 


Ill. 
Wis. 


Link-Belt Co., 
Park Ave., Philadelphia, Pa. 
mingham, Ala. 

So. Bend Foundry Co., 


R. 'D. Wood Co., 


Pa. 
CASTINGS, SPECIAL 


ham, Ala. 


S. Michigan Ave. 
Chain Belt Co., 
Crane Co., 

Chicago, Ill. 
Link-Belt Co., 

Park Ave., 


Ill. 
Wis. 


. Chicago, 
Milwaukee, 


2045 
Philadelphia, Pa. 


mingham, Ala. 
& Fittings Div., Port 
Mich. 
U. 8. 
ton, 
R. D. Wood Co., Philadelphia, Pa. 


CATCH BASINS, CORRUGATED 
IRON 


Pipe Foundry Co., 


Armco Culvert Mfrs. 
town, Ohio. 


CAUSTIC SODA 


ASssn., 


4ist St.. New York 
Faesy & Besthoff, Inc., 
St.. New York City. 


Gt. Western Electro-Chemical Co., 
9 Main St., San Francisco, Calif. 
Mathieson Alkali Wks., 60 E. 42nd 
St., New York City. 
Niagara Alkali Wks., 9 E. 41st 
St., New York City. 
Penn. Salt Mfg. Co., Widener 
Bldg., Philadelphia, Pa. 
CEMENT 
Portland Cement Assn., 33 W. 
Grand Ave., Chicago, Il. 
CEMENTS, ACID PROOF 
Atlas Mineral Prod. Co., Mertz- 
town, Pa. 
Pennsylvania Salt Mfg. Co., 1000 


Widener Bldg., Philadelphia, Pa. 
Sauereisen Cements Co., Sharpsburg 
Station, Pittsburgh (15), Pa. 


CEMENTS, SEWER PIPE 


Atlas Mineral Prod. Co., 
town a. 

Hydraulic Development Corp., 50 
Church St., New York City. 

Pennsylvania’ Salt Mfg. Co., 1000 
Widener Bldg., Philadelphia, Pa. 

Sauereisen Cements Co., Sharpsburg 
Station, Pittsburgh (15), Pa. 

Servicised Products Corp., 6051 W. 
65th St., Chicago, Ill. 


Mertz- 


CEMENTS, WATER LINES 


Atlas Mineral Co., Mertz- 
town, Pa. 

Hydraulic Development Corp., 50 
Church St., New York City. 
Sauereisen Cements Co., Sharpsburg 
Station, Pittsburgh (15), Pa. 


Prod. 


CEMENTS, WATER MAINS 


Atlas Mineral Prod. Co., Mertz- 
town, Pa. 

Hydraulic Development Corp., 50 
Church St., New York City. 





Johns-Manville, 22 E. 40th St., 
New York City. 
Servicised Prod. Corp., 6051 W. 





65th St., Chicago, II. 











Sauereisen Cements Co., Sharpsburg 
Station, Pittsburgh (15), Pa. 


A. Wyckoff & Son Co., Elmira, 
7 we 
CASTINGS, IRON, STEEL, 
ALLOY STEEL, ETC. 
Blaw-Knox Co., Pittsburgh, Pa. 


Cast Iron Pipe Research Assn., 122 


Co., 

2045 W. Hunting 

Lynchburg Foundry Co., Lynchburg, 
Va 


MecWane Cast Iron Pipe Co., Bir- 
mingham, Ala. 

~ se Foundry Co., So. Bend, 
nd. 

U. 8. Pipe ‘ Foundry Co., Bur- 


Cast Iron Pipe Research Assn., 122 


Lynchburg Foundry Co., Lynchburg, 
Va 

2045 W. Hunting 

McWane Cast Iron Pipe Co., Bir- 

So. Bend, 
Ind. 

U. S. Pipe & Foundry, Burlington, 
N. J 

Philadelphia, 


Amer. Cast Iron Pipe Co., Birming- 
Cast Iron Pipe Research Assn., 122 


836 S. Michigan Ave., 
W. Hunting 
iqgenus Foundry Co., Lynchburg, 
McWane Cast Iron Pipe Co., Bir- 


Mueller Brass Co., Streamline Pipe 
Huron, 


Burling- 


Middle- 


~— Alkali Co., Charlestown, W. 

The “Columbia Alkali Corp., Bar- 
berton, Ohio. 

Electro Bleaching Gas Co., 9 E. 


City. 
22 E. 40th 


CHLORIDE OF LIME 


Electro Bleaching Gas a 9 E. 
4ist St., New York Ci 

Faesy & Besthoff, Inc., 3 E. 40th 
St., New York City. 

Innis-Speiden & Co., 117 Liberty 
St., New York City 

Mathieson Alkali Wk, 60 E. 42nd 
St., New York City 

Niagara Alkali Wks., “9 E. 4ist St., 
New York City. 

Penn. Salt Mfg. Co., Widener 
Bldg., Philadelphia, Pa. 

CHLORINATORS . 
Everson Mfg. Co., 233 W. Huron 





CENTRIFUGE EQUIPMENT 


way, New York City 
CHAINS, CONVEYOR 


Chain Belt Co., Milwaukee, Wis. 
Jeffrey Mfg. Co. , Columbus, Ohio. 
Link-Belt Co., 2045 W. 
Park Ave., Philadelphia, Pa. 
omn. CONVEYING 
EQUIPMENT 
Chain ne Co., Milwaukee, Wis. 
Dracco Corp., Cleveland, Ohio. 
Fuller Co., Catasauqua, Pa. 
Jeffrey Mfg. Co., Columbus, 
Link-Belt Co., 2045 
Park Ave., Philadelphia, Pa. 
Pittsburgh, Pa. 
CHEMICAL FEEDING 
EQUIPMENT 


ding St., Providence, 
Everson Mfg. Co., 
St., Chicago, Til. 
Fuller Co., Catasauqua, Pa. 
Intl. Filter Co., 59 
St., Chicago, Ill. 
Jeffrey Mfg. Co., 
Link-Belt Co., 
Park Ave., 


R. 


Columbus, 


Philadelphia, Pa. 


Kansas City, Mo. 


St., Richmond, Va 
Proportioneers, Inc. ° 9 Codding St., 
Providence, R. 
Roberts Fiiter Mfg. “Co., Darby, Pa. 
Simplex Valve & Meter Co., 


CHEMICAL PROPORTIONEERS 


Inc., 9 Codding St., 
Providence, R. I. 
Simplex Valve & Meter Co., Phila- 
delphia, Pa. 
Syntron Co., 400 N. 
Pittsburgh, Pa. 
Wallace & Tiernan Co., Inc., New- 
ark, N. J. 
Wilson Chem. Feeders, Ine., 110 
Washington St., Buffalo, N. Y. 


CHIMNEYS 


Chicago Bridge & Iron Company, 
2198 Old Colony Bldg., Chicago, 


Lexington Ave., 


Ill. 
Pittsburgh-Des Moines 


Steel Co., 
Pittsburgh, Pa. 
CHLORIDE, FERRIC 
Electro Bleaching Gas Co., 9 E. 


4ist St., New York City. 
Gt. Western Electro-Chemical Co., 
9 Main St., San Francisco, Calif. 
Innis-Speiden & Co., 117 Liberty 


St., New York City. 

Niagara Alkali Wks., 9 E. 41st St., 
New York City 

Penn. Salt Mf. Co., Widener 


Bldg., Philadelphia, Pa. 


St., Chicago, Il. 

Filelor Co., 59th & Upland Sts., 
Philadelphia, Pa. 

Filtration & Water Softening Pty. 
Ltd., Melbourne, Australia. 

Intl. Filter Co., 59 E. Van Buren 





St., Chicago, Ill. 

Lakeside Engr. Corp., 222 W. 
Adams St., Chicago, Il. 

Pardee Engineering Co., Long 
Island City, N. Y. 

Phipps & Bird, Inc., 915 E. Cary 
St., Richmond, Va 

Proportioneers, Inc., 9 Codding St., 


Amer. Centrifugal rt 115 Broad- 


Hunting 


Ohio. 
W. Hunting 


Syntron Co., 400 N. Lexington Ave., 


Builders Iron Foundry Co., 9 Cod- 
233’ W. Huron 


BE. Van Buren 


Ohio. 
2045 W. Hunting 


Omega Mach. Co., 4010 Penn Ave., 
Pardee Engineering Co., Long Island 


City, N. Y. 

Permutit Co., 330 W. 42nd St., 
New York ‘City. 

Phipps & Bird, Inc., 915 E. Cary 


68th 
& Upland Sts., Philadelphia, Pa. 
Syntron Co., 400 N. Lexington Ave., 


Pittsburgh, Pa. 
bed ams 1g & Tiernan, Inc., Newark, 
Wilson Chem. Feeders, 110 W. 
Washington St., Buffalo, N. Y. 


International Filter Co., 59 EB. Van 


Buren St., Chicago, Ill. 
Lakeside Engrg. Corp., 222 W. 
Adams St., Chicago, Ill. 

Omega Machine Co., Ine., 4010 
Penn Ave., Kansas City, Mo. 
Permutit Co., 330 W. 42nd St., 
New York City. 

Proportioneers, 


waeee & Tiernan, Inc., Newark, 


Wilson Chem. Feeders, 
Washington St., Buffalo. 4” y 


CHLORINE, LIQUID 
— Alkali Co., Charlestown, W. 


The. “Columbia Alkali 
berton, Ohio. * Corp., Bar. 
Blectro Bleaching Gas Co., 9 z. 
t 


New York 3 
Faesy & Besthoff, Inc., 22 gp, 40th 
er ine, —— City. 

estern Electro-Chemie: 

9 Main St., San Francisco, Cay’ 
Mathieson Alkali Wks., 60 E. 42n4 
in St., og ny} City. 

onsanto em. Co., St. Loni 
Niagara Alkali Co., 9 B. dist gt 
, New Feng City. 
enn. alt Mfg. Co., W 
Bldg., Philadelphia, Ba, \*™* 


CHLORINE CONTROL EQUIPMENT 


Hellige, Inc.. 3718 Northern 
Long Island City, N. Y. Bind, 


La Motte Chem. Prod. Co., Balti. 
more, Md. 

Proportioneers, Inc., 9 Codding St 

‘ Providence, z. Z 
ascher & Betzold, Inc., 829 Op. 

ne =. Chicago, Ill. 7 
P . Taylor & Co., 872 Li 
Ave., Baltimore, Md. = 

Wallace & Tiernan Co., Inc., New. 


ark, N. J. 
Ww ilson Chemical Feeders, Inc., Buf- 


N. 
CHUTES, STEEL & COAL 
Chicago Bridge & Iron Company, 
ig Old Colony Bldg., Chicago, 


Pittsburgh-Des Moines Steel Co., 
Pittsburgh, Pa. 


CLAMPS AND SLEEVES, PIPE 


Amer. Cast Iron Pipe Co., Bir- 
mingham, Ala. 

MeWane Cast a Pipe Co., Bir- 
mingham, 

S. R. Dresser Mfg. Co., Bradford, 
Pa. 


CLAMPS AND SLEEVES—RIVER 

S. R. Dresser Mfg. Co., Bradford, 
Pa. 

CLAMPS, BELL JOINT 

S. R. Dresser Mfg. Co., Bradford, 
Pa, 

M. B. Skinner Co., So. Bend, Ind. 

CLAMPS, PIPE REPAIR 

S. R. Dresser Mfg. Co., Bradford, 


a. 
M. Bb. Skinner Co., So. Bend, Ind. 
CLARIFIERS, SEWERAGE 
AND WATER 
Chain Belt Co., Milwaukee, Wis. 
Dorr Co., 570 Lexington Ave., New 
York City. 
Intl. Filter Co., 59 E. Van Buren 


St., Chicago, Ill. 
Jeffrey Mfg. Co., Columbus, Ohio. 
Lancaster Iron Wks., 122 E. 42nd 
St., New York City. 
Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia, Pa, 
CLOROBEN 


Cloroben Corp., 90 Forrest St., Jer 
J. 


sey City, 
COAGULANTS 
Merrimac Chem. Co., Everett Sta- 
tion, Boston, Mass. 
Penn. Salt Mfg. Co., 1000 Widener 
Bldg., Philadelphia, Pa. 


COAGULATING EQUIPMENT 
Dorr Co., 570 Lexington Ave., New 
York City. 
233 W. 


Everson Mfg. Co., 
St., Chicago, Ill. 

Intl Filter Co., 59 E. Van Buren 
St., Chicago, Ill. 

Link- Belt Co., 2045 W. Hunting 

Park Ave., Philadelphia, Pa, 

330 W. 


Huron 


Permutit Co. 42nd S&t., 
New York ‘City. 
COAGULATION CONTROL 
CHEMICALS 
Activated Alum Corp., 80 Broad 


St., New York City. 

Faesy & Besthoff, Inc., 22 E. 40th 
St., New York City. 

La Motte Chem. Prod. Co., 
more, d. 

Penn. Salt Mfg. Co., 1000 Widener 


Balti- 


Bldg., Philadelphia, Pa. 
Wallace & Tiernan Co., Newark, 
COAL ANTHRAFILT 
Hudson Coal Co., Scranton, Pa. 


coasrees. ACID & ALKALI-PROOF 
CONCRETE, STEEL 
AND WwooD 
Ebony Paint Mfg. Co., 2925 E. 18th 
St., Kansas City, Mo 


General Paint Corp. i Cleveland, 





Providence, R. 





hio. 








a > 
Bar. 
) E. 
40th 
Co., 
alif, 

12nd 


Mo. 
8t., 


ener 
ENT 
vd., 
alti- 
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SS eeE—_— 
Inertol Co., Inc., 401 Broadway, 
bay Shem. Mtr. ., Koppers Co., 
ag FGiemical Co., Mer- 
chants Bank Bldg., Indianapolis, 


Ind. 
cocks, CURB, METER, COR- 
RATION, ETC. 
oun Brass & Copper Co., Water- 
nn. 
oa. 836 S. Michigan Ave., 
o, Ill. 
yeon Mater Box Co., Wabash, Ind. 
Mueller Co., Decatur, Ill. 
Pittsburgh Equitable } Meter Co., 400 
Lexington Ave., Pittsburgh, Pa. 
Union Water Meter Co., Worcester, 


Mass. 


COLLECTORS ' ‘in 
Belt_ Co., Milwaukee, is. 
pc gg 570 Lexington Ave., New 
York Gity. 
Dracco Corp., Cleveland, Ohio. 
Jeffrey Mfg. Co., Columbus, Ohio. 
Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia, Pa. 
eaigee & Bird, Inc., 915 E. Cary 
, Richmond, Va. 


ssiemaines INDICATORS 
AND RECORDERS 
Bailey Meter Co., 1050 Ivanhoe Rd., 
Cleveland, Ohio. 
Permutit Co., 330 W. 42nd St., New 
York City. 


COMMINUTORS 
Chicago Pump Co., 
St., Chicago, Ill. 


COMPARATOR 

Hellige, Inc., 3718 1. Blvd., 
Long Island City, N. 

La Motte Chem. Prod. Co., Balti- 
more, Md. 

Proportioneers, Inc., 9 Codding St., 
Providence, R. I. 

Ww. A. Taylor & Co., Inc., 872 Lin 
den Ave., Baltimore, Md. 

Wallace & Tiernan Co., Inc., New- 
ark, N. 

Wilson ~ hemical Feeders, Inc., Buf- 
falo, 


COMPOUNDS, SEWER JOINT 

Atlas Mineral Prod., Mertztown, Pa. 

Hydraulic Development Corp., 50 
Church St., New York City. 

Pacific Flush Tank Co., 4241 Ra- 
venswood Ave., Chicago, Ill. 

Sauereisen Cements Co., ne 
Station, Pittsburgh (15), 

Servicised Prod. Corp., 60% 51 w. 65th 
St., Chicago, Il. 


COMPRESSORS, AIR 
Fuller Co., Catasauqua, Pa. 


2349 Wolfram 


Gordon Smith & Co., Bowling Green, 
Ky 
Worthington Pump & Machy. Corp., 
Harrison, J. 
CONCRETE 
Portland Cement Assn... 33 W. 


Grand Ave., Chicago, Il. 


CONCRETE BREAKERS 


Novo Engine Co., Lansing, Mich. 
Syntron Co., 490 N. Lexington Ave., 
Pittsburgh, Pa 


CONCRETE HARDENER 


Master Builders Co., 7016 Euclid 
Ave., Cleveland, Ohio. 


CONDENSERS 


Amer. Cast Iron Pipe Co., Birming- 
ham, Ala. 

U. S. Pipe & Foundry Co., Burling- 
ton, N. J. 

Worthington Pump & Machy. Corp., 
Harrison, N. J. 


CONTROLLERS, AUTOMATIC, 
ELECTRIC 


Builders Iron Foundry Co., 9 Cod- 
ding St., Providence, R. I. 
— Controller Co.. 1146 BE. 152nd 
Cleveland, Ohio. 
gieieme Filter Co., 59 E. Van 
Buren St., Chicago, Til. 


— & Tiernan Co., Newark, 


CONTROLLERS, FLOW, LEVEL, 
PRESSURE, RA ATIO, 
TEMPERATURE 


Automatic Primer Pump Co., 113 W. 
Washington St., Chicago, Ill. 

Bailey Meter Co., 1072 Ivanhoe Rd., 
Cleveland, Ohio. 

Builders Iron Foundry Co., Provi- 
dence, R. I. 

International Filter Co., 59 E. Van 
Buren St., Chicago, Til. 

a om 330 W. 42nd St., New 
York, . < 





Proportioneers, Inc., 9 Codding St., 
Providence, R. I. 

Simplex Valve & Meter Co., 68th & 
Upland Sts., Philadelphia, Pa. 

—— + gene Co., Inc., New- 
ark, N. 


CONVEYORS AND CONVEYING 
EQUIPMENT 


Barber-Greene Co., Aurora, III. 
Chain Belt Co., Milwaukee, Wis. 
Combustion Engrg. Co., 200 Madison 
Ave., New York City. 
Dracco Corp., Cleveland, Ohio. 
Fuller Co., Catasauqua, Pa. 
Gruendler Crusher & Pulverizer Co., 
— N. Market St., St. Louis, 
Mo. 
Jeffrey Mfg. Co., Columbus, Ohio. 
Koppers Co., Pittsburgh, Pa. 
Link-Belt Mfg. Co., 2045 W. Hunt- 
ing Park Ave., Philadelphia, Pa. 
Syntron Co., 400 N. Lexington Ave., 
Pittsburgh, Pa. 


CONVEYORS—VIBRATORY— 
ELECTRIC 


Jeffrey Mfg. Co., Columbus, Ohio. 
Syntron Co., 400 N. Lexington Ave., 
Pittsburgh, Pa. 


COPPER AND BRASS 
American Brass Co., Waterbury, 
Conn. 
Chase Brass & Copper Co., Inc., 
Waterbury, Conn, 


COPPERAS 
Faesy & Besthoff, Inc., 22 E. 40th 
St., New York City. 
Wallace & Tiernan Co., Inc., New- 
ark, N. J 


COPPER SULPHATE 
Faesy & Besthoff, Inc., 22 E. 40th 
St., New York City. 
Penn. Salt Mfg. Co., 1000 Widener 
Bldg., Philadelphia, Pa. 


COPPER TUBE, FLEXIBLE 


American Brass Co., Waterbury, 
Conn. 

Chase Brass & Copper Co., Inc., 
Waterbury, Conn. 

Mueller Brass Co., Port Huron, 
Mich. 


COUPLINGS AND CONNECTIONS, 
PIPE 


S. R. Dresser Mfg. Co., Bradford, 


Pa. 
Mueller Co., Decatur, Ill. 
COVERINGS, UNDERGROUND, 
WOODEN 


A. Wyckoff & Son Co., Elmira, 
cs 


aN. 


CRANES 
Link-Belt Co., 300 W. Pershing Rd., 
Chicago, Ill. 
CRUSHING MACHINERY 
Gruendler Crusher & Pulverizer Co., 
2915 N. Market St., St. Louis, 
Mo. 
Jeffrey Mfg. Co., Columbus, Ohio. 
Link-Belt Co., 300 W. Pershing Rd., 
Chicago, Ill. 


CULVERTS 


American Cast Iron Pipe Co., Bir- 
mingham, Ala. 

Armco Culvert Mfrs. Assn., Middle- 
town, Ohio. 

Cast Iron Pipe Research Assn., 122 
S. Michigan Ave., Chicago, IIl. 
Johns-Manville, 22 E. 40th St., New 
York City (Asbestos-Cement). 
Lock Joint Pipe Co., Ampere, N. J. 
Lynchburg Foundry Co., Lynchburg, 

af 


a. 
U. S. Pipe & Foundry Co., Burling- 
ton, N. J. (Cast Iron) 
R. D. Wood Co., Philadelphia, Pa. 


CYLINDER TRUCKS 
Victor Equipment Co., 844 Folsom 
t., San Francisco, Calif. 


DECHLORINATORS 

Activated Alum Corp., 80 Broad St., 
New York City 

International Filter Co., 59 E. Van 
Buren St., Chicago, Til. 

Omega Machine Co., 7. 4010 Penn 
Ave., Kansas City, M 

Proportioneers, Inc., 9 Codding St., 
Providence, R. I. 

— & Tiernan Co., Newark, 


DIAPHRAGMS, PUMP 
Chain Belt Co., Milwaukee, Wis. 
Dorr Co., 570 Lexington Ave., New 
York City. 
Edson Corp., 49 D St., South Bos- 
ton, Mass. 





Proportioneers, Inc., 9 Codding St., 
Providence, R. I. 


DIFFUSER PLATE HOLDERS 


Aluminum Co. of America, Gulf 
Bldg., Pittsburgh, Pa. 


DIFFUSERS—PLATES AND TUBES 
Copeanen Co., Niagara Falls, 


Chicago Pump Co., 2349 Wolfram 
St., Chicago, Ill. 

Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia, Pa. 

Norton Co., Worcester, Mass, 


DIGESTERS, SLUDGE 
Dorr Co., 570 Lexington Ave., New 
York City. 
Link-Belt Co., W. Hunting 
Park Ave., Philadelphia, Pa. 
Pacific Flush Tank Co., 4241 Ra- 
venswood Ave., Chicago, Ill. 


DISTRIBUTORS 

Dorr Co., 570 Lexington Ave., New 
York ‘ity. 

Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia, Pa 

Pacific Flush Tank Co., 4241 Ra- 
venswood Ave., Chicago, Ill. 

Simplex Valve & Meter Co., 68th 
and Upland Sts., Philadelphia, Pa. 


DITCHERS AND TRENCHERS 
Barber-Greene Co., Aurora, III. 


DRAINS, STORM 


Armco Culvert Mfrs. Assn., Middle- 
town, Ohio. 

Lock Joint Pipe Co., Ampere, N. J. 

R. D. Wood Co., Philadelphia, Pa. 

U. S. Pipe & Foundry Ce., Burling- 
ton, N. J 


DRIVES, CHAIN 
Chain Belt Co., Milwaukee, Wis. 
Jeffrey Mfg. Co., Columbus, Ohio. 
Link-Belt Co., 5 W. Hunting 
Park Ave., Philadelphia, Pa. 


DRIVES, MULTI-V 


Worthington Pump & Machy. Corp., 
Harrison, N. J. 


DRY CHEMICAL FEEDERS 


Fuller Co., Catasauqua, Pa. 

International Filter Co., 59 E. Van 
Buren St., Chicago, Ill. 

Jeffrey Mfg. Co., Columbus, Ohio. 

Omega Machine Co., Inc., 4010 Penn 
Ave., Kansas City, Mo. 

Permutit Co., 330 W. 42nd St., New 
York City. 

Proportioneers, Inc., 9 Codding St., 
Providence, R. I. 

Syntron Co., 400 
Pittsburgh, Pa. 

Wallace & Tiernan Co., Inc., New- 
ark, N. J. 


DRYERS 
Combustion Engrg. Co., 200 Madison 
Ave., New York City 
Decarie Incinerator Corp., 155 E. 
44th St., New York City 
a Rheolaveur Co., Pittsburgh, 


N. Lexington St., 


Nichols Eng. and Research Corp., 
40 Wall St., New York City. 
DRYERS, ROTARY 
Link-Belt Co., 300 W. Pershing Rd., 
Chicago, Ill. 
DRYERS, SAND, PORTABLE 
Link-Belt Co., 300 W. Pershing Rd., 
Chicago, Ill. 
Pittsburgh-Des Moines Steel Co., 
Pittsburgh, Pa. 
DRYERS—SPRAY 
Bowen Research Corp., Garwood, 
EDUCATORS 
Vogt Mfg. Co., Louisville, Ky. 


ELECTRO FERRO-CHOR PROCESS 
— Research Corp., Garwood, 


Wallace & Tiernan Co., Inc., New- 
ark, J. 


ELECTROMETER 
Wilkens-Anderson Co., 111 N. Canal 
t., Chicago, IIl. 
ELEVATING AND CONVEYING 
EQUIPMENT 
(See Conveyors & Conveying Equip- 
ment.) 
ENGINES, DIESEL 


a mae Corp., Mt. Vernon, 

io. 

Fairbanks-Morse Co., 900 S. Wabash 
Ave., Chicago, III. 





Weipuee Pump Corp., Harrison, 
ate . 


ENGINES, GASOLINE 


Novo Engine Co., Lansing, Mich. 


ENGINES, SEWAGE SLUDGE GAS 


Cooper-Bessemer Corp., Mt. Vernon, 
Ohio. 
7 Dresser Mfg. Co., Bradford, 


a. 
Worthington Pump & Machy. Corp., 
Harrison, N. J. 


EXCAVATORS, DITCH & TRENCH 


Link-Belt Co., 300 W. Pershing Rd., 
Chicago, Ill. 


FEED, CHEMICAL 
(See Chemical Feeding Equipment.) 


FEEDERS, ROTARY 
Fuller Co., Catasauqua, Pa. 
Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia, Pa. 
Syntron Co., 400 N. Lexington Ave., 
Pittsburgh, Pa. 


FENCE, STAINLESS STEEL 


Pittsburgh Steel Co., Grant Bldg., 
Pittsburgh, Pa. 


FENCING (IRON PICKET AND 
CHAIN LINK WIRE) 


Pittsburgh Steel Co., Grant Bldg., 
Pittsburgh, Pa. 

Stewart Iron Wks. Co., Cincinnati, 
Chio. 


FERRIC CHLORIDE, LIQUID AND 
ANHYDROUS 

Electro Bleaching Gas Co., 9 BE. 41st 
St., New York City. 

Great Western Electro Chemical 
Co., 9 Main St., San Francisco, 
Calif. 

Niagara Alkali Works, 9 B. 41st St., 
New York City. 

Penn. Salt Mfg. Co., Widener Bldg., 
Philadelphia, Pa. (Liquid) 


FERRIC CHLORIDE FEEDERS 


International Filter Co., 59 E. Van 
Buren S8t., Ohicago, Ill. 

Omega Machine Co., eg 4010 Penn 
Ave., Kansas City, M 

Permutit Co., Ww. 42nd St., New 
York City 

Phipps & Bird Inc., 915 E. Cary S8t., 
Richmond, Va. 

Proportioneers, Inc., 9 Codding St., 
Providence, R. I. 

Wallace & Tiernan Co., Inc., New- 
ark, N 


FERRIC SULFATE 
Activated Alum Corp., 80 Broad St., 

New York City. 
Merrimac Chemical Co., Boston, 


Mass, 
Monsanto Chem, Co., St. Louis, Mo. 


FERRIC SULPHATE FEEDERS 

International Filter Co., 59 E. Van 
Buren St., Chicago, Ill. 

Omega Mach. Co., Inc., 4010 Penn 
Ave., Kansas City, Mo. 

Permutit Co., 330 W. 42nd St., New 
York City. 

Phipps & Bird, Inc., 915 E. Cary 
St., Richmond, Va. 

Proportioneers, inc., 9 Codding St., 
Providence, R. 

—— & AAs Inc., Newark, 


N. J. 
Wilson Chem. Feeders, Inc., 110 
Washington St., Buffalo, N. Y. 


FERROUS SULPHATE 
Faesy & Besthoff, Inc., 22 E. 40th 
St., New York City. 
Wallace & Tiernan Co., Imc., New- 
ark, N 
FILTER-AIDS, CELITE 


Johns-Manville, 22 BE. 40th St., New 
York City. 


FILTERING EQUIPMENT 


Builders Iron Foundry o 9 Cod- 
ding St., Providence, 

Chicago Bridge & Iron’ Gs, %198 Old 
Colony Bldg., Chicago, Til. 

Everson Mfg. Co., 233 W. Huron 
St., Chicago, Ill. 

Filtration Equipment Co., 10 E. 40th 
St., New York City. 

Filtration & Water Softening Pty., 
Ltd., Melbourne, Australia, 

Graver ~~ & Mf g. Co., East Chi- 
cago, 

International Filter Co., 59 E. Van 
Buren St., Chicago, Til. 

Municipal Sanitary ray ag 155 E. 
44th St., New York Cit: 

Permutit Co., 330 W. 42nd ‘st., New 
York City. 

Pittsburgh-Des Moines Steel Co., 
Pittsburgh, Pa. 

Roberts Filter Co., Darby, Pa. 

Simplex Valve & Meter Co., 68th 
and Upland 8ts., Philadelphia, Pa. 
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FILTER PLATES 
Carborundum Co., Niagara Falls, 
N. Y. 
Norton Co., Worcester, Mass. 
FILTERS, GRAVITY & PRESSURE 
Everson Mfg. Co., 233 W. Huron 
St., Chicago, Ill. 
Graver Tank & Mfg. Co., 
eago, Ind. 
International Filter Co., 59 E. Van 
Buren St., Chicago, Ill. 
Lakeside Engr. Corp., 222 W. 


fast Chi- 


Adams 


St., Chicago, Ill. 

Permutit Co., 330 W. 42nd St., New 
York City. 

Pittsburgh-Des Moines Steel Co., 
Pittsburgh, Pa. 

Roberts Filter Mfg. Co., Darby, Pa. 


FILTER STRAINERS & NOZZLES 


Everson Mfg. Co., 233 W. Huron 
St., Chicago, Ill. 

International Filter Co., 59 E. Van 
Buren St., Chicago, Ill. 

Lakeside Engr. Corp., 222 W. Adams 
St., Chicago, Ill. 

Permutit Co., 330 W. 42nd St., New 
York City. 

Robert Filter Mfg. Co., Darby, Pa. 

FILTERS, VACUUM 
Filtration Equipment Corp., 10 E. 


40th St., 
Municipal 


New York City. 
Sanitary Service Corp., 


155 E. 44th St., New York City. 
Oliver United Filters Co., 33 W. 
42nd St., New York City. 


FILTER UNDERDRAINS 


Carborundum Co., Niagara Falls, 
ie 


Cast Iron Pipe Research Assn., 122 


S. Michigan Ave., Chicago, II. 
Everson Mfg. Co., 233 W. Huron 


St., Chicago, Ill. 

International Filter Co., 59 E. Van 
Buren St., Chicago, Ill. 

Lakeside Engr. Corp., 222 W. Adams 


8t., Chicago, Ill. 

McWane Cast Iron Pipe Co., 
mingham, Ala. 

Norton Co., Worcester, Mass. 

Permutit Co., 330 W. 42nd St., 
York City. 

Roberts Filter Mfg. Co., Darby, Pa. 

FITTINGS, PIPE, SOLDER TYPE 

American Brass Waterbury, 
Conn. 

Crane Co., 836 8. Michigan 
Chicago, Ill, 

Mueller Brass Co., Streamline Pipe 
and Fittings Div., Port Huron, 
Mich. 

FITTINGS, UNDERGROUND 
SERVICE 


Bir- 


New 


Co., 


Ave., 


American Brass Co., Waterbury, 
Conn. 

Chase Brass & Copper Co., Inc., 
Waterbury, Conn. 

S. R. Dresser Mfg. Co., Bradford, 
Pa. 

McWane Cast Iron Pipe Co., Bir- 
mingham, Ala. 

Mueller Brass Co., Port Huron, 
Mich. 

R. D. Wood Co., 400 Chestnut St., 


Philadelphia, Pa. 
FLASH MIXERS 


Carberundum Co., Niagara Falls, 
> 2 


Dorr Co., 570 Lexington Ave., New 
. Filter Co., 
., Chicago, 
Link-Belt Co., 
Park Ave., 


59 E. Van Buren 
Ill. 

2045 W. Hunting 
Philadelphia, Pa. 


Vogt Mfg. Co., Louisville, Ky. 
FLOATING COVERS 
Pacific Flush Tank Co., 4241 Ra- 


venswood Ave., Chicago, Il. 
FLOCCULATING EQUIPMENT 


Cppentem Co., Niagara Falls, 


Dorr Co., 570 Lexington Ave., New 
York City. 
Intl. Filter Co., 59 E. Van Buren 


St., Chicago, Il. 
Link-Belt Co., 2045 W. 
Park Ave., Philadelphia, 
Municipal Sanitary Service Corp., 
155 B. 44th St., New York City. 
Permutit Co., 330 W. 42nd St., 
New York City. 
Proportioneers, Inc., 
Providence, R. I. 
FLOOR GRATING 
Arrowhead Iron Wks., 421 W. 5 
St., Kansas City, Mo. 
FLOORING, INDUSTRIAL 


Hunting 
Pa. 


9 Codding St., 


as 


Johns-Manville, 22 E. 40th St., 
New York City. 
Servicised Prod. Corp., 6051 W. 
65th St., Chicago, Ill. 
Pittsburgh, 


FLOOR STANDS 


Crane Co., 836 S. Michigan Ave., 
Chicago, Ill. 
Western “— Div., 
Wayne, Ind 
R. D. Wood Co. , Philadelphia, Pa 


FLOW RECORDERS 


Brainard & Hatch, 
Hartford, Conn. 
Builders Iron Foundry, 9 Codding 
St., Providence, R. I. 
Intl. Filter Co., 59 E. Van Buren 
St., Chicago, Ill. 
Simplex Valve & Meter Co., Phila- 
delphia, Pa. 


Koppers Co., Ft. 


246 Palm §8t., 


R. W. Sparling, 945 N. Main St., 

Los Angeles, Calif. 
FLOW REGULATORS 

Bailey Meter Co., 1072 Ivanhoe 
Rd., Cleveland, Ohio. 

Builders Iron Foundry Co., 9 Cod- 
ding St., Providence, R. I. 

Intl. Filter Co., 59 E. Van Buren 
St., Chicago, Ill. 

MeNulty Engr. Co., So. Boston, 
Mass. 

Modern Iron Works, Quincy, Ill. 


Simplex Valve & Meter Co., 68th 
& Upland Sts., Philadelphia, Pa. 


FLUMES, IRON & STEEL 


American Rolling Mill Co., Middle- 
town, Ohio. 

Chicago Bridge & Iron Company, 
2198 Old Colony Bldg., Chicago, 
Ill. 

Pittsburgh-Des Moines Steel 

Pittsburgh, Pa. 

FOOT VALVE WITH STRAINER 

Crane Co., 836 S. Michigan Ave., 
Chicago, Ill. 

Edson Corp., 49 D. St., 
Mass. 

Ludlow Valve Mfg. Co., Troy, 

R. D. Wood, Philadelphia, 


FORMS & GASKETS FOR 
PIPE JOINTS 
Johns-Manville, 22 E. 
New York City. 
L. A. Weston, Adams, 
FORMS, CONCRETE 
Blaw-Knox Co., Pittsburgh, Pa. 


FURNACES, MELTING, POURING 
LADLES, POTS, ETC. 


Co., 


So. Boston, 


nw... 


Pa. 


40th St., 


Mass. 


Atlas Mineral Products, Mertz- 
town, Pa. 
Hydraulic Development Corp., 50 


Church St., New York City. 
Mueller Co., Decatur, Ill. 


GARBAGE DISPOSAL APPARATUS 
Decarie Incinerator Corp., 155 E. 
44th St., New York City. 
Jeffrey Mfg. Co., Columbus, 
Koppers Co., Pittsburgh, Pa. 
Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia, Pa. 
Nichols Engr. & Research Corp., 40 
Wall St., New York City. 
Pittsburgh-Des Moines Steel 

Pittsburgh, Pa. 


GAS DIFFUSERS 
Carborundum Co., 
N. Y 


Ohio. 


Co., 


Niagara Falls, 

Dorr Co., 570 Lexington Ave., New 
York City. 

Norton Co., Worcester, Mass. 

Vogt Mfg. Co., Louisville, Ky. 


one. FIRED EQUIPMENT, RADIA- 


ORS, HEATERS, STORAGE 
HEATERS, AIR CONDITION- 
ERS, ETC. 


American Gas Prod. Corp., 40 W. 


40th St., New York City. 
Mueller Co., Decatur, IIL. 
GAS HOLDERS 


Chicago Bridge & Iron Company, 


2198 Old Colony Bldg., Chicago, 
Ill. 
Western Gas Div., Koppers Co., Ft. 
Wayne, Ind. 
Pittsburgh-Des Moines Steel Co., 
Pittsburgh, Pa. 
GAS PRODUCERS, AUTOMATIC 


Cooper-Bessemer Corp., Mount Ver- 


non, Ohio. 
Koppers Co., Pittsburgh, Pa. 
R. D. Wood Co., Philadelphia, Pa. 


GATES, DRAINAGE 

Armco Culvert Mfrs. Assn., Middle- 
town, Ohio. 

MeNulty Engrg. Co., 200 Old Colony 
Ave., Boston, Mass. 

GATES, IRON PICKET & CHAIN 

LINK WIRE 

Pittsburgh Steel Co., Grant Bldg., 

Pittsburgh, Pa 


Stewart Iron Wks. Co., Cincinnati, 





bat Preserving Corp., 
a. 





GATES, ROTARY DISCHARGE 
Fuller Co., Catasauqua, Pa. 


GATES, SHEAR 


Crane Co., 836 8S. Michigan Ave., 
Chicago, Ill. 
Ludlow Valve Mfg. Co., Troy, N. Y. 
Western Gas Div., Koppers Co., Ft. 
Wayne, Ind. 
GATES, SLUICE 


Crane Co., 836 S. Michigan Ave., 
Chicago, Ill. 
Western Gas Div., Koppers Co., Ft. 

Wayne, Ind. 
Ludlow Valve Mfg. Co., Troy, N. Y. 
MeNulty Engrg. Co., 200 Old Colony 
Ave, Boston, Mass. 
GATE VALVE HOUSING 
Ludlow Valve Mfg. Co., Troy, N. Y. 


GAUGES, LIQUID LEVEL, 
PRESSURE RECORDING 


Bailey Meter Co., 1072 
Rd., Cleveland, Ohio. 
Builders Iron Foundry, 9 Codding 
St., Providence, . we 
Intl. Filter Co., 59 E. Van Buren 

St., Chicago, Ill. 
Simplex Valve & Meter Co., 68th 
& Upland Sts., Philadelhia, Pa. 
R. W. Sparling, 945 N. Main St., 
Los Angeles, Calif. 
GENERATORS, ACETYLENE 


Victor Equipment Co., 844 Folsom 
St., San Francisco, Calif. 
GENERATORS, SETS, ELECTRIC 
& DIESEL ENGINES 


Ivanhoe 


Cooper-Bessemer Corp., Mt. Ver- 
non, Ohio. 

Fairbanks-Morse Co., 900 S. Wa 
bash Ave., Chicago, Ill. 


Syntron Co., 400 N. Lexington Ave., 
Pittsburgh, Pa. 
Worthington Pump 

son, N. J. 
GOOSENECKS 
Mueller Brass Co., Streamline Pipe 
& Fittings Div., Port Huron, 
Mich. 
Mueller Co., Decatur, III. 
GRATINGS, FLOORINGS 


Arrowhead Iron Wks., Kansas City, 


Corp., Harri- 


Mo. 
Blaw-Knox Co., Pittsburgh, Pa. 
GRAY IRON CASTINGS 


American Cast Iron Pipe Co., Bir- 
mingham, Ala 

Cast Iron Pipe Research Corp., 122 
S. Michigan Ave., Chicago, Il. 

Chain Belt Co., Milwaukee, Wis. 

Western Gas Div., Koppers Co., Ft. 


Wayne, Ind. 

Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia, Pa 
Lynchburg Foundry Co., Lynchburg, 

Va 
McWane Cast Iron Pipe Co., Bir- 
mingham, Ala. 
So. Bend Foundry, So. Bend, Ind. 
U. S. Pipe & Foundry Co., Bur- 
lington, N. J. 
R. D. Wood Co., Philadelphia, Pa. 
GRINDERS 


Chain Belt Co., Milwaukee, Wis. 

Dorr Co., 570 Lexington Ave., New 
York City. 

Gruendler Crusher & Pulverizer Co., 
2915 N. Market St., St. Louis,Mo. 

Jeffrey Mfg. Co., Columbus, Ohio. 

Norton Co., Worcester, Mass. 

Syntron Co., 400 N. Lexington Ave., 
Pittsburgh, Pa. 


GRINDING WHEELS 


“s,m Co., Niagara Falls, 
Norton Co., Worcester, Mass. 


GRIT CHAMBER EQUIPMENT 


Chain Belt Co., Milwaukee, 

Dorr Co., 570 Lexington Ave., 
York City. 

Jeffrey Mfg. Co., Columbus, Ohio. 

Link-Belt Co. 045 W. Hunting 
Park Ave., Philadelphia, Pa 

HAMMERS, CAULKING, CHIPPING 


Hydraulic Development Corp., 50 
Church St., New York City. 

Syntron Co., 400 N. Lexington Ave., 
Pittsburgh, Pa: 

HEATERS, FEED WATER 

Worthington Pump & Machy. Corp., 
Harrison, N. J. 

HOPPERS, STEEL 

Chicago Bridge & Iron Company, 


Wis. 
New 


2198 Old Colony Bldg., Chicago, 
Ill. 
Pittsburgh-Des Moines Steel Co., 
Pittsburgh, Pa. 
HOSE, RUBBER 
Wallace & Tiernan Co.,_ Ince., 


Newark, N. J. 
HOSE, STEAM, AIR, WATER, 
SUCTION 


American Brass Works, Waterbury, 





hio. 






Edson Corp., 49 D St., § 
Mass. So. Besta, 


HYDRANT PROTECTORS 


Edson Corp., 49 D. St., s 
Mass. * Bo. Boston, 
HYDRANTS 
Crane Co., 836 S. Michi 
Chicago, Ml. a 
Western Gas Diy., Ko . 
Wayne, Ind. oe 


Ludlow Valve Mfg. Co., Tro 

M. & H. Valve & Fittings. ca 
Anniston, Ala. 

Mueller Co., Decatur, Il, 

Vogt Mfg. Co., Louisville, Ky. 


R. D. Wood Co., Philadelphia, Pa. 
HYDRATED LIME 
Limestone Prod. Corp. of Amer, 


Newton, N. J 


HYDRAULIC MACHINERY 


Simplex Valve & Meter (Co. 68th 
& Upland Sts., Philadelphia, Pa, 

S. Morgan Smith Co., York, Pa. 

R. D. Wood Co., Philadelphia, Pa. 


HYDRAULIC TRANSFER 
SWITCHES 


Intl. Filter Co., 59 E. 
St., Chicago, Ill. 


HYDRAULIC VALVE CONTROLS 


Builders Iron Foundry Co., 9 Cod- 
ding St., Providence, R.’ I. 

. Filter Co., 59 E. Van Buren 
St., Chicago, "Til. 

Permutit _ 330 W. 42nd St., New 
York Cit 

Roberts Filter Mfg. Co., Darby, Pa. 

Simplex Valve & Meter Co., Phila. 
delphia, Pa 

R. D. Wood Co., Philadelphia, Pa, 


HYDROGEN ION EQUIPMENT 


Hellige, Inc., 3718 Northern Blvd, 
Long Island City, N. Y. 
La Motte Chem. Co., Baltimore, 


Van Buren 


Md. 
Permutit Co., 330 W. 42nd St., New 
York City. 


W. A. Taylor & Co., Inc., 872 Lin- 
den Ave., Baltimore, Md. 

Ww allace & Tiernan Co., Inc., New- 
ark, J. 

HYPO-CHLORINATORS 

Intl. Filter Co., 59 E. Van Buren 
St., Chicago, Ill. 

Omega Mach. Co., Inc., 4010 Penn 
Ave., Kansas City, Mo. 

Permutit Co., 330 W. 42nd St., New 
York City. 

Phipps & Bird, Inc., 915 E. Cary 
St., Richmond, Va. 


Proportioneers, ee 9 Codding St., 


Providence, R. 


ss & Tiernan Co., Newark, 
J 
Wilson a. ae Feeders, Inc., 
Buffalo, N. 
INCINERATORS 
Combustion Engr. Co., 200 Madison 
Ave., New York City. 


Decarie Incinerator Corp., 155 E. 
44th St., New York City. 
Koppers Co., Pittsburgh, Pa. 
Morse-Boulger Destructor Co., 205 
E. 44th St., New York City. 
Municipal Sanitary Service, 155 E. 
44th St., New York City. 
Nichols Engr., 40 Wall St., 
York City. 
Pittsburgh-Des Moines 
Pittsburgh, Pa. 
INDICATORS, CHEMICAL 
Hellige, Inc., 3718 Northern Blvd., 
Long Island City, N. Y. 
Motte Chem. Prod. Co., Balti- 
more, Md. 
W. A. Taylor & Co., 
Ave., Baltimore, Md. 


INDICATOR POSTS 

Crane Co., 836 §S. Michigan Ave., 
Chicago, Ill. - 

Ludlow Valve Mfg Troy. N. Y. 

R. D. Wood Co., Phituaelphie, Pa. 

INDICATORS, LARGE DIAL, 
ILLUMINATED 

Intl. Filter Co., 59 E. Van Buren 
St., Chicago, Il. 

Builders Iron Foundry, 9 Codding 
St., Providence, R. I. 

INSTRUMENTS, FLOW RECORD- 
ING, TROUBLE FINDING 

Brainard & Hatch, 246 Palm St., 
Hartford, Conn. 


IRON & MANGANESE REMOVAL 
PLANTS 


New 


Steel Co., 


« 
at 


872 Linden 


Graver Tank & Mfg. Co., East Chi- 
eago, Ind. 
Intl. Filter Co., 59 E. Van Buren 





Conn. 


St., Chicago, Tl. 
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Pa. 


», 
a 





CLASSIFIED INDEX OF PRODUCTS 





121 





—_—_—EE_ 


Permutit 0. , 330 W. 42nd St., New 


k : ¢ “a 
mt Filter Mfg. Co., Darby, 
Pa. 
TRON eA EN SEWAGE 
T 
B—— Alum Corp., 80 Broad 
Sst.. New York City i 
Gt, Western Electro- yChemic al Co., 
"9 Main St., San Francisco, Calif. 
Phipps & Bird, Inc., 915 E. Cary 
Richmond, Va. f x 
proportioneers, Inc., 9 Codding St., 
4 lence, R. é 
wane & Tiernan Co., Inec., New- 
ark, N. J. 


IRON SULPHATE 
Faesy & Besthoff, Inc., 22 B. 40th 
st., New York City. 


JACKS, MECHANICAL & SCREW 
Edelblute Mfg. Co., Reynoldsville, 


Pa. i 
Templeton-Kenly & Co., 1020 8. 
Central Ave., Chicago, Ill. 


CKS, PULLING ; 
Jatelblute Mfg. Co., Reynoldsville, 


Pa. 
Templeton-Kenly & Co., 1020 8. 
Central Ave., Chicago, Ill. 


OINTING COMPOUND 
; Atlas Mineral Prod. Co., Mertz- 
n, Pa. 
Hydraulic Development Co., 50 
Church St., New York City. 
Sauereisen Cements Co., “<7 
Station, Pittsburgh (15), 4 
Servicised Prod. Corp., 6051 Ww. 65th 
St., Chicago, Ill. 
JOINTS, EXPANSION—PIPE ¢ 
Amer. Cast Iron Pipe Co., Bir- 
mingham, Ala. 
Cast Iron Pipe Research Corp., 122 
S. Michigan Ave., Chicago, IIl. 
S. R. Dresser Mfg. Co., Bradford, 


Pa 
Johns- Manville, 22 E. 40th St., New 
York City. 
Lock-Joint Pipe Co., Ampere, N. J. 
Lynchburg Foundry Co., Lynchburg, 


Va. 

McWane Cast Iron Pipe Co., Bir- 
mingham, Ala. 

Servicised Prod. Co., 6051 W. 65th 
St., Chicago, Ill. 

JOINTS, FILLER 

Inertol Co., 401 Broadway, New 
York City. 

Reilly Tar & Chemical Co., Mer- 
chants Bank Bldg., Indianapolis, 


Ind. 

Servicised Prod. Corp., 6051 W. 
65th St., Chicago, Il. 

JOINTS, FLEXIBLE PIPE 

American Cast Iron Pipe Co., Bir 
mingham, Ala. 

Cast Iron Pipe Research Assn., 122 
S. Michigan Ave., Chicago, Ill. 

—- Pump Co., 2349 Wolfram 

, Chicago, Il. 
Ss. x Dresser Mfg. Co., Bradford, 


Pa 
L. - hburg Foundry Co., Lynchburg, 


MeWane Cast Iron Pipe Co., Bir- 
mingham, Ala, 

Servicised Prod. Corp., 6051 W. 65th 
St., Chicago, Il. 

U. S. Pipe & Foundry Co., Burling- 
ton, N. J. 

R. D. Wood Co., Philadelphia, Pa. 


JOINTS, MECHANICAL 

American Cast Iron Pipe Co., Bir- 
mingham, Ala. 

Cast Iron Pipe Research Assn., 122 
8. Michigan Ave., Chicago, Ill. 

8. — Dresser Mfg. Co., Bradford, 

a 

MeWane Cast Iron Pipe Co., Bir- 
mingham, Ala. 

U. S. Pipe & Foundry Co., Burling- 
ton, N. J. 

Weston’s Gaskets & Forms, Adams, 


Mass. 
R. D. Woods Co., Philadelphia, Pa. 


JUTE, BRAIDED AND TWISTED 
Atlas Mineral Prod. Co., Mertztown, 


Pa, 

Hydraulic Development Corp., 50 
Church St., New York City. 

Johns-Manville, 22 E. 40th St., New 
York City. 

Tar and Chem. Div., Koppers Co., 
Pittsburgh, Pa. 

Servicised Prod. Corp., 6051 W. 
65th St., Chicago, Il. 

LABORATORY APPARATUS 
ne Co., Niagara Falls, 


Corning Glass Works, Corning, Y. 

Eimer & Amend, 18th & 3rd ma 
New York City 

Hellige, Inc., 3718 a Blvd., 
Long Island City, N. Y. 

National Aluminate Corp., 6216 W. 
66th Pl., Chicago, Ill. 

Norton Co., Worcester, Mass. 





Omega Mach. Co., Inc., 4010 Penn 
Ave., Kansas City, Mo. 

Phipps & Bird, 915 E. Cary St., 
Richmond, Va. 

Precision Scientific Co., 1750 N. 
Springfield Ave., Chicago, Ill. 
Proportioneers, Inc., 9 Codding St., 

Providence, R. I. 
Wallace & Tiernan, Inc., Newark, 
N. J. 
LABORATORY WARE 
Carborundum Co., Niagara Falls, 


| & # 
Corning Glass Works, Corning, N. Y. 
Eimer & Amend, 18th and Third 
Ave., New York City. 
La Motte Chem. Prod. Co., McCor- 
mick Bldg., Baltimore, Md. 
Norton Co., Worcester, Mass. 
Phipps & Bird, 915 E. Cary St., 
Richmond, Va. 
Precision Scientific Co., 1750 N. 
Springfield Ave., Chicago, Il. 


LIME SLAKERS 
Chicago Bridge & Iron Co., 37 W. 
Van Buren St., Chicago, II. 
International Filter Co., 59 E. Van 
Buren St., Chicago, Ill. 
Jeffrey Mfg. Co., Columbus, Ohio. 
Omega Machine Co., 4010 Penn Ave., 
Kansas City, Mo. 
Permutit Co., 330 W. 42nd St., New 
York City. 
LINERS, ASPHALT SEWER 
Servicised Prod. eee 6051 W. 65th 
St., Chicago, Ill 
LOADERS, GRAVEL, WAGON, 
CAR, ETC. 
Barber-Greene Co., Aurora, III. 
Jeffrey Mfg. Co., Columbus, Ohio. 
Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia, Pa. 
LUBRICATORS, FORCE FEED 
Hills-McCanna Co., 2349 Nelson St., 
Chicago, I1l. 
MANOMETERS 
Bailey Meter Co., 1072 Ivanhoe Rd., 
Cleveland, Ohio. 
Builders Iron Foundry Co., Provi- 
dence, R. I. 
International Filter Co., 59 E. Van 
Buren St., Chicago, Ill. 
Simplex Valve & Meter Co., 68th & 
Upland Sts., Philadelphia, Pa. 
MASTER METER 
Badger Meter Mfg. Co., Milwaukee, 


Wis 
nueinend & Hatch, 246 Palm S8t., 
Hartford, Conn. 
Builders Iron Foundry Co., 9 Cod- 
ding St., Providence, R. I. 
Simplex Valve & Meter Co., Phila- 
delphia, Pa. 
R. W. Sparling, 945 N. Main St., 
Los Angeles, Calif. 
METALS—CORROSION RESISTING 
Amer. Brass Co., Waterbury, Conn. 
Chase Brass & Copper Co., Inc., 
Waterbury, Conn 
METER ‘ACCESSORIES, BOXES, 
HOUSING, ETC. 
Badger Meter Co., Milwaukee, Wis. 
Brainard & Hatch, 246 Palm St., 
Hartford, Conn. 
Ford Meter Box Co., Wabash, Ind. 
Modern Iron Works, Quincy, III. 
Mueller Co., Decatur, Ill. 
Pittsburgh Equitable Meter Co., 400 
Lexington Ave., Pittsburgh, Pa. 
METER-MASTER 
Brainard & Hatch, 246 Palm &t., 
Hartford, Conn, 
METERS, 
Pittsburgh Equitable Meter Co., 400 
Lexington Ave., Pittsburgh, Pa. 
METERS, PITOT 
Simplex Valve & Meter Co., 68th & 
Upham Sts., Philadelphia, Pa. 
METER TESTER 
Ford Meter Box Co., Wabash, Ind. 
Mueller Co., Decatur, Ill. 
METER TESTING TANKS 
Ford Meter Co., Wabash, Ind. 
METERS, VENTURI 
Bailey Meter Co., 1072 Ivanhoe Rd., 
Cleveland, Ohio. 
Builders Iron Foundry Co., Provi- 
dence, R. I. 
International Filter Co., 59 E. Van 
Buren St., Chicago, Il. 
Proportioneers, Inc., 9 Codding St., 
Providence, R. I. 
Simplex Valve & Meter Co., 68th & 
Upland Sts., Philadelphia, Pa. 
METERS, WATER AND SEWAGE 
Badger Meter Mfg. €o., Milwaukee, 


Wis. 

Bailey Meter Co., 1072 Ivanhoe Rd., 
Cleveland, Ohio. 

Builders Iron & Foundry Co., Provi- 
dence, R. I. 

Crane Co., 836 S. Michigan Ave., 
Chicago, Ill. 

Pittsburgh Equitable Meter Co., 400 
Lexington Ave., Pittsburgh, Pa. 
Proportioneers, Inc., 9 Codding St., 

Providence, R. I. 
Simplex Valve & Meter Co., 68th & 
Upland Sts., Philadelphia, Pa. 








R. W. Sparling, 945 N. Main St., 
Los Angeles, Calif. 


Union Water Meter Co., Worces- 


ter, Mass, 
Worthington-Gamon Meter Co., Har- 
rison, N. 


MIXERS, CHEMICAL 


Dorr Co., 570 Lexington Ave., New 
York City. 

Gruendler Crusher & Pulverizer Co., 
2915 N. Market St., St. Louis, 
Mo. 

International Filter Co., 59 E. Van 
Buren St., Chicago, Ill. 

Jeffrey Mfg. Co., Columbus, Ohio. 

Permutit Co., 330 W. 42nd St., New 
York City. 

Phipps & Bird, Inc., 915 E. Cary 
St., Richmond, Va. 

Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia, Pa. 

Roberts Filter Mfg. Co., Darby, Pa. 

Vogt Mfg. Co., Louisville, Ky. 


MIXING BASIN EQUIPMENT 


Carborundum Co., Niagara Falls, 


me Ee 

Dorr Co., 570 Lexington Ave., New 
York City. 

International Filter Co., 59 E. Van 
Buren St., Chicago, Ill. 

Permutit Co., 330 W. 42nd St., New 
York City. 

Roberts Filter Mfg. Co., Darby, Pa. 


NIPPLES, PIPE 


Crane Co., 836 S. Michigan Ave., 
Chicago, Ill. 
S. R. Dresser Mfg. Co., Bradford, 


Pa. 
Mueller Brass Co., Port Huron, 
Mich. 


NOZZLES, FLOW 


Bailey Meter Co., 1072 Ivanhoe Rd., 
Cleveland, Ohio. 

Builders Iron Foundry Co., 9 Cod- 
ding St., Providence, R. I. 

Chain Belt Co., Milwaukee, Wis. 

Pacific Flush Tank Co., 4241 N. Ra- 
venswood Ave., Chicago, III. 

Simplex Valve & Meter Co., 68th & 
Upland Sts., Philadelphia. Pa. 


NOZZLES, SPRAY 


Chain Belt Co., Milwaukee, Wis. 

Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia, Pa. 

Pacific Flush Tank Co., 4241 
Ravenswood Ave., Chicago, Ill. 


ODOR CONTROL 


Activated Alum Corp., 80 Broad St., 
New York City. 
Cloroben ae 90 Forest St., Jersey 


City 
OPERATING TABLES 


International Filter Co., 59 E. Van 
Buren St., Chicago, Ill. 

Lakeside Engr. Corp., 222 W. Adams 
St., Chicago, Ill. 

Permutit Co., 330 W. 42nd St., New 
York City. 

eee, Filter Mfg. Co., Darby, Pa. 


ORIFICE 


Bailey Meter Co., 1072 Ivanhoe Rd., 
Cleveland, Ohio. 

Builders Iron Foundry Co., Provi- 
dence, R. I. 

Proportioneers, Inc., 9 Codding St., 
Providence, 

Simplex Valve & Meter Co., 68th & 
Upland Sts., Philadelphia, Pa. 


PACKING 


Crane Co., 836 8S. Michigan Ave., 
Chicago, Ill. 

Johns-Manville, 22 E. 40th St., New 
York City. 


PACKING, RAWHIDE 


Chicago Rawhide Mfg. Co., 1283 
Elston Ave., Chicago, Ill. 

Mabbs Hydraulic Packing Co., 431 
S. Dearborn St., Chicago, Ill. 


PAINT, ACID RESISTING 


Atlas Mineral Prod. Co., Mertztown, 


Pa. 

Barrett Co., 40 Rector St., New 
York City. 

Ebony Paint Mfg. Co., 2925 EB. 18th 
St., Kansas City, Mo. 

Jeneral Paint Corp., Cleveland, Ohio 

Penn. Salt Mfg. Co., 1000 Widener 
Bldg., Philadelphia, Pa. 

Reilly Tar & Chemical Co., Mer- 
chants Bank Bldg., Indianapolis, 
Ind. 

Sauereisen Cements Cc., Sharpsburg 
Station, Pittsburgh, Pa. (15) 


PAVING ASPHALT BRIDGE 
PLANKS 


Johns-Manville, 22 E, 40th St., New 
York City. 
a Prod. Corp., 6051 W. 65th 
Chicago, Il. 


PENSTOCKS 


Chicago Bridge & Iron Co., 2198 Old 
Colony Bldg., Chicago, Il. 

Pittsburgh-Des Moines Steel Co., 
Pittsburgh, Pa. 


pH EQUIPMENT 


Everson Mfg. Co., 233 W. Huron St., 
Chicago, Ill. 

Hellige, Inc., 3718 Northern Blvd., 
Long Island City, N. Y. 





International Filter Co., 59 EB. Van 
Buren St., Chicago, Ill. 

La Motte Chem. Prod. Co., Balti- 
more, Md. 

National Aluminate Corp., 6216 W 
66th Pl., Chicago, Ill. 

Permutit Co., 330 W. 42nd St., New 
York City. 

Proportioneers, Inc., 9 Codding St., 
Providence, R. 

Syntron Co., 400 N. Lexington Ave., 
Pittsburgh, Pa. 

W. A. Taylor & Co., Inc., 872 Lin- 
den Ave., Baltimore, Md. 

Wallace & Tiernan, Inc., Newark, 
N. J. (automatic) 

Wilson Chemical Feeders, Inc., Buf- 
falo, N. Y 


PILING, CORRUGATED STEEL 
SHEET 


Corrugated Steel Sheet Piling Corp., 
28 N. La Salle St., Chicago, Ill. 


PIPE, ALUMINUM 


Aluminum Co. of America, Gulf 
Bldg., Pittsburgh, Pa. 


PIPE AND TANK COATINGS 


The Barrett Co., 40 Rector St., New 
York City. 

Bartlett-Hayward Div., Koppers Co., 
Baltimore, Md. 

Ebony Paint Mfg. Co., 2925 BH. 18th 
St., Kansas City, Mo. 

Inertol Co., Ine., 401 Broadway, 
New York City. 

Reilly Tar & Chemical Co., Mer- 
— Bank Bldg., Indianapolis, 
nd. 


PIPE, ACID PROOF, FOR 


CHEMICAL LINES 

American Brass Works, Waterbury, 
Conn. 

American Cast Iron Pipe Co., Bir- 
mingham, Ala. 

Cast Iron Pipe Research Assn., 122 
S. Michigan Ave., Chicago, III. 
Corning Glass Works, Corning, N. Y. 

U. 8S. Pipe & Foundry Co., Bur- 
lington, N. J. 
A. Wyckoff & Son Co., Elmira, N. Y. 


PIPE, ASBESTOS-CEMENT 


Johns-Manville Co., 22 E. 40th St., 
New York City. 


PIPE, BRASS AND COPPER 


American Brass Works, Waterbury, 
Conn. 

Chase Brass Metal Co., Inc., Water- 
bury, Conn. 

Crane Co., 836 S. Michigan Ave., 
Chicago, Ill. 

Mueller Brass Co., Streamline Pipe 
—, Fittings Div., Port Huron, 
Mich 


PIPE, CAST IROW 


American Cast lron Pipe Co., Bir- 
mingham, Ala. 

American Radiator Co., 40 W. 40th 
St., New York City. 

Cast Tron Pipe Research Assn., 122 
S. Michigan Ave., Chicago, Ill. 
Lynchburg Foundry Co., Lynchburg, 

v 


a. 

McWane Cast Iron Pipe Co., Bir- 
mingham, Ala. 

Sonken-Galamba Corp., 64 N. Second 
St., Kansas City, Mo. 

U. 8. Pipe & Foundry Co., Burling- 
ton, N. J. 

R. D. Wood Co., Philadelphia, Pa. 


PIPE, CAST IRON SERVICE 


SMALL DIAMETER 

American Cast Iron Pipe Co., Bir- 
mingham, Ala. 

American Radiator Co., 40 W. 40th 
St., New York, N. Y. 

Crane Co., 836 8. Michigan Ave., 
Chicago, Ill. 

MecWane Cast Iron Pipe Co., Bir- 
mingham, Ala. 


PIPE, COMMERCIAL O. D. WITH 
5 


THREADED JOINT 

Cast Iron Pipe Research Assn., 122 
S. Michigan Ave., Chicago, II. 

Crane Co., 836 S. Michigan Ave., 
Chicago, Ill. 

McWane Cast Iron Pipe Co., Bir- 
mingham, Ala. 

U.. & + oa & Foundry Co., Burling- 


ton, J. 
PIPE, coNcRETE 


Lockjoint Pipe Co., Ampere, N. J. 
S 


PIPE CONNECTI ON 


American Cast Iron Pipe Co., Bir- 
mingham, Ala. 

Cast Iron Pipe Research Assn., 122 
S. Michigan Ave., Chicago, Ill. 

S. R. Dresser Mfg. Co., Bradford, 


Pa, 
Lynchburg Foundry Co., Lynchburg, 
Va 


McWane Cast Iron Pipe Co., Bir- 
mingham, Ala. 

M. B. Skinner Co., South Bend, Ind. 

R. D. Wood Co., "Philadelphia, Pa. 


PIPE, CORRUGATED 


American Rolling Mill Co., Middle- 
town, Ohio. 

Armco Culvert Mfrs. Assn., Middle- 
town, Ohio. 
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CLASSIFIED INDEX OF PRODUCTS 





Streamline Pipe 
Port Huron, 


Mueller Brass Co., 
and Fittings Div., 


Mich. 
PIPE ENAMELS, PROTECTIVE— 
COAL TAR 


Barrett Co., 40 Rector St., 
York City. 
General Paint 
Ohio. 
Reilly 
ebants 


Ind. 
PIPE FITTINGS 


Aluminum Co. of 
Bldg., Pittsburgh, 
American Cast Iron 
mingham, Ala. 
Cast Iron Pipe Research 
S. Michigan Ave., Chicago, 
Crane Co., 836 8S. Michigan 
Chicago, Ill. 
R. Dresser 
Pa. 
MeWane Cast Iron 
mingham, Ala. 
Mueller Brass Co., Streamline Pipe 
and Fittings Div., Port Huron, 
Mich, 
Mueller Co., 
M. B. Skinner Co., 
Sonken-Galamba Corp., 


Corp., Cleveland, 


Co., Mer 
Indianapolis, 


Chemical 
Bldg., 


Tar & 
Bank 


America, Gulf 
Pa. 

Pipe Co., Bir- 
Assn., 122 
Ill. 
Ave., 
Ss Bradford, 


Mfg. Co., 


Pipe Bir 


Co., 


Decatur, Ill. 
South Bend, Ind. 
4 N. Second 


St., Kansas City, Mo. 

U. 8. Pipe & Foundry Co., Burling 
ton, N. J. 

hn. D. Wood Co., Philadelphia, Pa. 


PIPE, GLASS 
Corning Glass Works, Corning, 


PIPE JOINT COMPOUNDS 
Atlas Mineral Products, Mertztown, 
Pa 


The Barrett Co., 40 Rector St., New 
York City. 
Hydraulic 


Church St., 


Development Co., 50 

New York City. 

leadite Co... Girard Tiust 
Philadelphia, Pa. 

Modern Iron Wozks, Quincy, Il. 

Reilly Tar & Chemical Co., Mer 
ehants Bank Bldg., Indianapolis, 
Ind, 

Sauereisen Cements Co., Sharpsburg 
Station, Pittsburgh, Pa. (15) 

Servicised Prod. Corp., 6051 W. 65th 
Ct., Chicago, Tl. 


PIPE JOINT TOOLS 


Bldg., 


Hydraulic Development Corp., 50 
Church St., New York City. 
Mueller Co., Decatur, ILI. 
Servicixed Prod. Corp., 6051 W. 65th 
St., Chicago, 111. 
PIPE LINING MACHINE 
T. A. Gillespie Co., 7 Dey St., 
New York City. 
FIPE LOCATORS 
Fneineering Kesearch Corp., 325 


Giddens-Lane Bldg., Shreveport, 
aA. 
Water Leak Detector Co., 155 N. 
Third St., Columbus, Ohio. 
PIPE PUSHERS 
Templeton, Kenly & Co., 1020 S. 
Central Ave., Chicago, Il. 
PIPE RAILING 
Aluminum Co. of America, Gulf 
Bldg., Pittsburgh, Pa. 
Stewart Iron Works, Cincinnati, 0. 
PIPE, SEWER 
American Cast Iron Pipe Co., Bir- 
mipgbam, Ala. 
Armco Culvert Mfrs. Assn., Middle- 
town, Ohio. 

Cast Iron Pipe Research Corp., 122 
S. Michigan Ave., Chicago, III. 
Johns-Manville, 22 E, 40th St., New 

York City. 
Tock Joint Pipe Co., Ampere, N. J. 
<< ales Foundry Co., Lynchburg, 
a. 
MeWane Cast Iron Pipe Co., Bir 
mingham, Ala. 
U. 8S. Pipe & Foundry Co., Burling- 
ton, N. J. 
A i yekoff & Sons Co., Elmira, 
PIPE. STEEL 
Chieago Bridge & Iron Company, 
2198 Old Colony Bldg., Chicago, 
Ill. 
Crane Co., 836 S. Michigan Ave., 
Chicago, Ill. 
Western Gas Div., Koppers Co., 
Ft. Wayne, Ind. 
Pittsburgh-Des Moines Steel Co., 
Pittsburgh, Pa. 


PIPE, SUBAQUEOUS 
Cast Iron Pipe Research Assn., 
8. Michigan Ave., Chicago, 
Lock Joint Pipe Co., Ampere, N. 
PIPE TAPPING MACHINES 
Mueller Co.. Decatur, III. 
PIPE. WELDED STEEL 
Chicago Bridge & Iron Company, 


122 
Til. 
J. 


2198 Old Colony Bldg., Chicago, 
Til. 

Pittsburgh-Des Moines Steel Co., 
Pittsburgh, Pa. 


New 


Pe oe 








PIPE WITH SPECIAL LININGS 
American Cast Iron Pipe Co., 
mingham, Ala. 


S. Michigan Ave., Chicago, Il. 
Crane Co., 836 S. Michigan Ave., 
Chicago, Ill. 
MecWane Cast Iron Pipe Co., Bir- 
mingham, Ala. 
U. 8S. Pipe & Foundry Co., Bur- 
lington, N. J. 
R. D. Wood Co., 400 Chestnut St., 
Philadelphia, Pa. 
PIPE, WOOD 
& Son Co., Elmira, 


a... _ Wyckoff 
p 


vues. WROUGHT IRON 


Bir- | 


Cast Iron Pipe Research Assn., 122 


! 





| 





| 





| 


| 
| 





} 


Crane Co., 836 8S. Michigan Ave., 
Chicago, Il. 
Reading Iron Co., Philadelphia, Pa. 
PITOT TUBES 
Builders Iron Foundry Co., Provi- 
dence, R. I. 
Simplex Valve & Meter Co., 68th | 


and Upland Sts 


ee Philadelphia, | 


PLANTS, MUNICIPAL FILTRATION | 


& Iron 
Bldg., 


Company, 


Chicago Bridge 
Chicago, 


2198 Old Colony 
Ill. 


International Filter Co., 59 E. Van | 
Buren St., Chicago, II. 

Permutit Co., 330 W. 42nd St., 
New York City. 

Pittsburgh-Des Moines Steel Co., 
littsburgh, Pa. 

Roberts Filter Mfg. Co.. Darby, Da. 


PLUMBING SPECIALTIES 


Crane Co., 836 8S. Michigan Ave., 
Chicago, Ill. 
Modern lion Works, Quincy, Ill. 


PNEUMATIC CONVEYORS FOR 
WATER AND SEWAGE TREAT- 


MENT 
Draceco Corp., Cleveland, Ohio. 
Fuller Co., Catasauqua, Pa 


PCROUS TUBES AND PLATES 


Carborundum Co., Niagara Falls, 
2 


Norton ‘Co., Worcester, Mass. 
POURING GATES 
Hydraulic Development Corp., 
Chureh St., New York City. 
POWER TRANSMISSION 
MACHINERY 
Chain Belt Co., 
Link-Belt Co., 
Park Ave., en 
Reeves Pulley Co., Columbus, 
Worthington P ump & Machy. 
Harrison, a 
PROFORTICNING EQUIPMENT 


50 


Wis. 
Hunting 
Pa. 
Ind. 
Corp., 


Milwaukee, 
2045 W. 


International Filter Co., 59 E. Van 
Buren St., Chicago, Til. 

Jeffrey Mfg. Co., Columbus, Ohio. 

Permutit Co 330 W. 42nd St., 
New York City. 

Phipps & Bird, Ine., 915 E. Cary 
St., Richmond, Va. 

Proyportioneers, Inc., 9 Codding St., 
l'rovidence, R. 


Simplex Valve & Meter Co., 68th 


and Upland Sts., Philadelphia, 
Pa. 
Ww — & Tiernan Co., Ine., New- 
k, N. 
Wilson Che m. Feeders, Inc., 


110 
Washington St., Buffalo, N. Y. 
PROTECTION COURSE FOR 

WATERPROOFING 

Servicised Prod. Corp., 6051 W. 

65th St., Chicago, Ill. 
PUMP PRIMERS 
Automatic Primer Co., 113 
Washington St., Chicago, Il. 
Barrett-Haentjens & Co., Hazleton, 


Ww. 


Pa. 
Chicago Pump Co., 2349 Wolfram 
St., Chicago, Ill 
PUMPS, AIR LIFT 
Fairbanks, Morse & Co., 900 S. 


Wabash Ave., Chicago, Il. 
Worthington Pump & Machy. 
Harrison, N. J. 


PUMPS, BOILER FEED 


Corp., 


Chicago Pump Co., 2349 Wolfram 
St., Chicago, Ill. 

Economy Pumping Machinery Corp.. 
i W. 48th Pl., Chicago, Ill. 

Worthington Pump & Machy. Corp., 
Harrison, N. J. 

PUMPS, CELLAR DRAINER 

Chicago Pump Co., 2349 Wolfram 

St.. Chicago. mM. 


Crane Co., 836 8S. Michigan Ave., 
Chicago, Ill. 

Victor Eauipment Co., 1010 EB. 62nd 
St., Los Angeles, Calif. 

PUMPS, CENTRIFUGAL 

Chain Belt Co., Milwaukee, Wis. 

Chicago Pump Co., 2349 Wolfram 
St.. Chicago, Ill 





Fairbanks, Morse & Co., 900 S. 
Wabash Ave., Chicago, Ill. 
Layne & Bowler, Inc., Memphis, 


Tenn. 


Novo Engine Co., Lansing, Mich. 
Victor Equipment Co., 1010 E. 62nd 
St., Los Angeles, Calif. 
w orthington Pump & Machy. Corp., 
Harrison, N. J. 
PUMPS, CENTRIFUGAL AND 
MULTI-STAGE HIGH LIFT 


Chicago Pump Co., 2349 Wolfram 
St., Chicago, Ill. 

Economy Pumping Co., 3431 W. 
48th PI1., Chicago, Ill. 

Fairbanks, Morse & Co., 900 S. 
Wabash Ave., Chicago, Il. 

Layne & Bowler, Inec., Memphis, 


Tenn. 
Worthington Pump & Machy. 
Harrison, N. J. 


PUMPS, CHEMICAL, PROPOR 
TIONING 


Corp., 


Fairbanks, Morse & Co., 900 S. 
Wabash Ave., Chicago, Ill. 
Hills-McCanna Co., 2349 Nelson St., 
Chieago, Il. 
Proyortioneers, 
Providence, 
Wallace _«& 
ark, 
Wilson © hemic al Feeders, Inc., 
falo, “a 
Worthington Pump & Machy. 
Harrison, N. J. 
PUMPS, CIRCULATING 
Chiengo Pump Co., 2349 
St., Chicago, Il. 
Economy Pumping Machinery Co., 
3431 W. 48th PI., Chicago, Il. 
Worthington Pump & Machy. Corp., 
Harrison, N. J. 


Inc., 9 Codding St., 
R. 
Tiernan Co., Inc., New- 


Buf- 
Corp., 


Wolfram 


| PUMPS, CONDENSATION 


| 





Chicago Fump Co., 2349 Wolfram 
St.. Chieago, Ill. 
Economy Pumping Machinery Co., 
3431 W. 48th P1., Chieago, Il. 
Worthington Pump & Machy. Corp., 
Ilarrison, N. J. 
PUMPS. DEEP WELL 
Crane Co., 836 8. Michigan Ave., 
Chicago, Ill. 
Victor Equipment Co., 1010 E. 
St., Los Angeles, Calif. 
Worthington Pump & Machy. 
Harrison, N. J. 


PUMPS, DIAPHRAGM 
Chain Belt Co., Milwaukee, Wis. 


62nd 


Corp., 


Dorr Co., 570 Lexington Ave., New 
York City. 

Edson Corp., 49 D St., South Bos- 
ton, Mass. 

Fairbanks, Morse & Co., 900 S&S. 
Wabash Ave., Chicago, Il. 

Novo Engine Co., Lansing, Mich. 


Proy ortioneers, Ine. , 9 Codding St., 
Providence, R. I. 

allace _& (Tiernan Co., 

aik 3 


PUMPS. uypnane 


Ww Inec., New- 


Edson Corp., 49 D St., South Bos- 
ton, Mass. 

Fairbanks, Morse & Co., 900 S. 
Wabash Ave., Chicago, Ill. 


Worthington Pump & Machy. Corp., 
Harrison, N. J. 
PUMPS, NON-CLOG 

Chicago Pump Co., 2349 Wolfram 


St., Chicago, Il. 

Economy Pumping Machinery 
3431 W. 48th PI., Chicago, 

Victor Equipment Co.,. 1010 E. 
St., Los Angeles, Calif. 

Ww orthington Pump & Machy. Corp., 
Harrison, N. J. 


PUMPS, ROTARY 
Fairbanks, Morse & Co., 900 S. 
Wabash Ave., Chicago, Ill. 
Worthington Pump & Machy. Corp., 
Harrison, N. J. 
PUMPS, SAND & GRAVEL 
Victor Equipment Co., 1010 E. 62nd 
St., Los Angeles, Calif. 
PUMPS, SCREW FEED 
CENTRIFUGAL 
Chicago Pump Co., 
St., Chicago, Il. 
Worthington Pump & Machy. Corp., 
Harrison, N. J. 
PUMPS, SEWAGE 
Chain Belt Co., Milwaukee, Wis. 
Chicago Pump Co., 2349 Wolfram 
St., Chicago, Ill. 
Dorr Co., 570 Lexington Ave., New 
York City. 
Economy Pumping Machinery Co., 
3431 W. 48th Pl., Chicago, Il. 
Fairbanks, Morse & Co., 900 S. 
Wabash Ave., Chicago, II. 
Novo Engine Co., Lansing, Mich. 
Victor Equipment Co., 1010 E. 62nd 


Co., 
Til. 
62nd 


2349 Wolfram 


St., Los Angeles, Calif. 
Worthington ts ad & Machy. Corp., 
Harrison, N. 
PUMPS LUDGE | 


Chain’ Belt Co., Milwaukee, Wis. 

Chicago Pump Co., 2349 Wolfram 
St., Chicago, Il. 

Dorr Co., 570 Lexington Ave., New 
York City. 

Fairbanks, Morse & Co., 900 
Wabash Ave., Chicago, Ill. 





Fuller Co., Catasauqua, 
Link-Belt Co., 300 W. 
Rd., Chicago, Il. 
Novo Engine Co., Lansing, Mich. 
Pacific Flush Tank Co., 4241 Ra- 
wee —. . Chicago, Ii. 
orthington Pum Mach 
Harrison, N. ag my. Comm, 


PUMPS, SUCTION AND FORCE 


Pa. 
Pershing 


Edson Corp., 49 D St., South Bos- 
ton, Mass. 
Fairbanks, Morse & Co., 900 8. 


Wabash Ave., Chicago, Tl. 
Worthington Pump & Machy. Corp., 


Harrison, N. J. 
PUMPS, SUMP 
Chicago Pump Co., 2349 Wolfram 
St., Chicago, Ill. 
Economy Pumping Machinery Co., 
3431 W. 48th Pl., Chicago, m1. 


Ww orthington Pump & Machy. Corp. 
Harrison, N. J. . 
PUMPS, TRIPLEX 
Fairbanks, Morse 
Wabash Ave., 


& Co., 
Chicago, In. 


900 8. 


Worthington Pump & Machy. Corp., 
Harrison, N. J. 
PUMPS, TURBINE 
Fairbanks, Morse & (Co., 900 §. 
Wabash Ave., Chicago, II. 
Layne & Bowler, Inc., Memphis, 


Tenn. 
Worthington Pump & Machy. Corp., 
Harrison, N. J. 
PUMPS, VACUUM 
Sarrett-Haentjens & Co., 
Pa. 
Chicago Pump Co., 
St., Chicago, 
Ee ‘onomy Pumping Machinery Co., 
3431 W. 48th Pl., Chicago, Il. 
Eimer & Amend, 3rd Ave. and 
18th St., New York City. 
Fuller Co., Catasauqua, Pa. 
Worthington Pump & Machy. 
Harrison, N. J. 
PUMPS, WATER SEAL 
Chieago Tump Co., 2349 Wolfram 


Hazleton, 


2349 Wolfram 


Corp., 


St., Chicago, Il. 
Economy Pumping Machinery Co., 
3431 W. 48th PI., Chicago, II. 


Worthington Pump & Machy. Corp., 
Harrison, N. J. 


PUSH AND PULL JACKS 


Edelblute Mfg. Co., Reynoldsville, 
Pa. 

Templeton-Kenly & Co., 1020 S. 
Central Ave., Chicago, Ill. 


RATE OF FLOW CONTROLLERS 


Bailey Meter Co., 1072 Ivanhoe 
Rd., Cleveland, Ohio. 

Brainard & Hatch, 246 Palm St., 
Hartford, Conn. 

Builders Iron Foundry Co., Provi- 
dence, 

Everson Mfg. Co., 233 W. Huron 
St., Chicago, Il. 

International Filter ? - E. Van 
Buren St., Chicago, 

lermutit Co., 330 w. I snd St., 


New York City. 


Simplex Valve & Meter Co., 68th 
and Upland Sts., Philadelphia, 
Pa. 

REAMERS 
Mueller Co., Decatur, Ill. 
RECARBONATORS 

International Filter Co., 59 E. Van 
Buren St., Chicago, Ill. 

Permutit Co., 330 W. 42nd St., 
New York City. 


RECEIVERS, AIR 
Chicago Bridge & Iron Company, 
2198 Old Colony Bldg., Chicago, 


Til. 
RECUPERATOR 


Carborundum Co., Perth Amboy, 
N. 4 
REDUCTION MACHINERY 
Jeffrey Manufacturing Co., Colum- 
bus. Ohio. 
Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia, Pa. 
REFRACTORIES 
Carborundum Co., Perth Amboy, 
es 
Johns-Manville, 22 E. 40th St., New 
York City. 
Norton Co., Worcester, Mass. 
REFRACTORY CEMENTS 
Carborundum Co., Niagara Falls, 
N. 
Johns- Manville, 22 E. 40th St., New 


York City. 
Norton Co., Worcester, Mass. 
REGULATORS. PRESSURE, 
ACETYLENE GAS 
Union Water Meter Co., Worcester, 
Mass. 
Victor Equipment Co., 840 Folsom 
St., San Francisco. 
REGULATORS, SEWER 
McNulty Engineering Co., 200 Old 
Colony Ave., South Boston, Mass. 
REGULATORS, WATER AND GAS 
Pittsburgh Equitable Meter Co., 400 
Lexington Ave., Pittsburgh, Pa. 
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——— 


BEBE EO Tapipes and Tanks) 
ROBOT FILTER. AND SOFTENER 
ERATOR : 
cuterantional Filter Co., 59 E. Van 
Buren St., Chicago, Ill. 
Permutit Co., 3830 W. 42nd St., 
New York City. 


NG é 
*merictn Brass Works, Waterbury, 


Jehan ‘Manville, 22 E. 40th St., New 
York City 

Koppers Co, Pittsburgh, Pa. 

Reilly Tar & Chemical Co., Mer- 
chants Bank Bldg., Indianapolis, 
Ind. . 

gervicised Prod. Corp., 6051 Ww. 

65th St., CBicago, . 

U. 8. Pipe & Foundry Co., Bur- 
lington, N. J. 

BBER—ALL PURPOSES 

a aited States Rubber Co., 1790 

Broadway, New York City. 

DDLES, PIPE 

= R. Dresser Mfg. Co., Bradford, 

Pa 
SAMPLERS. AND SAMPLING 
BL 

s.r Filter Co., 59 E. Van 
Buren St., Chicago, Tl. 

Proportioneers, Inc., 9 Codding St., 
Providence, R. 

Roberts Filter Mfg. "Co., Darby, Pa. 

R. W. Sparling, 945 N. Main os. 
Los Angeles, Calif. 

SAND AND GRAVEL PLANTS 
Dorr Co., 570 Lexington Ave., New 

York City. 

Gruendler Crusher and Pulverizer 
Co., Dept. S, N. Market St., St. 
Louis, Mo. 

Jeffrey Mfg. Co., Columbus, Ohio. 

Link-Belt Co., 300 W. Pershing 
Rd., Chicago, Ill. 

SAND FILTRATION 


Everson Mfg. Co., 233 W. Huron 
St., Chicago, Il. 

International Filter Co., 59 E. Van 
Buren St., Chicago, Ill. 

Permutit Co., 330 W. 42nd St., 


New York City. 
Roberts Filter Mfg. Co., Darby, Pa. 
SANTOSITE 
Monsanto Chemical Co., St. 
Mo. 


SAWS—ELECTRIC, PORTABLE 
Chain Beit Co., Milwaukee, Wis. 
Syntron, 400 N. Lexington Ave., 

Pittsburgh, Pa. 
SCREENS, INTAKE 
Chain Belt Co., Milwaukee, Wis. 
Chicago Pump Co., 2349 Wolfram 
St., Chicago, Ill. 

Dorr Co., 570 Lexington Ave., New 
York City. 

Lakeside Engr. Corp., Chicago, Ill. 

Link-Belt Co., 300 W. Pershing 
Rd., Chicago, Ill. 

SCREENS, SAND, GRAVEL AND 

STONE 


Louis, 


Dorr Co., 570 Lexington Ave., New 
York City. 

Gruendler Crusher & Pulverizer Co., 
2915 N. Market St., St. Louis, Mo. 

Jeffrey Mfg. Co., Columbus, Ohio. 

Link-Belt Co., 300 W. Pershing Rd., 
Chicago, Il. 

Municipal Sanitary Service, 
44th St.. New York City. 

SCREENS, SEWAGE 

Chain Belt Co., Milwaukee, Wis. 

Chicago Pump Co., 2349 Wolfram 
St., Chicago, Ill. 

Dorr Co., 570 Lexington Ave., New 
York City. 

Filtration Equipment Coerp., 10 E. 
40th St., New York City. 

Jeffrey Mfg. Co., Columbus, Ohio. 

—— Engineering Co., Chicago, 

1 


155 E. 


Link-Belt Co., 2045 W. 
Park Ave., 
Municipal Sanitary Service, 
4ith St., New York City. 
SCREENS, WATER WELL 


Layne & Bowler, Inc., Memphis, 
Tenn. 
SELF-CAULKING PIPE JOINT 
COMPOUNDS 


Atlas Mineral Prod., Mertztown, Pa. 
Hydraulic Development Corp., 50 
Church St., New York City. 
Servicised Prod. Corp., 6051 W. 65th 
t., Chicago, Ill. 
SEWAGE CLEANING BALLS, 
RUBBER 


Hunting 
Philadelphia, Pa. 
155 E. 


W. J. Voit Rubber Corp., P. 0. Box 
= Tiga Station, Los Angeles, 
alif. 

SEWAGE EJECTORS 

Chicago Pump Co., 
St., Chicago, Ill. 

SEWAGE SAMPLERS 

Chicago Pump Co., 

St., Chicago, Il. 


2349 Wolfram 


2349 Wolfram 


Proportioneers, Inc., 9 Codding St., 


Providence, R. I. 

SEWAGE SCREENING GRINDERS 
Chain Belt Co., Milwaukee, Wis. 
Chicago Pump Co., 2349 Wolfram 

t., Chicago, Ill. 
Jeffrey Mfg. Co., Columbus, Ohio. 
Pacific Flush Tank Co., 4241 Ra- 
venswood Ave., Chicago, Ill. 
Boyer Foundry & Mach. Co., Kings- 
ton, Pa. 
SEWAGE SLUDGE INCINERATOR 


Municipal Sanitary Corp., 155 E. 


44th St., New York City. 

Nichols Engineering & Research 
Corp., 40 Wall St., New York 
City. 


Pittsburgh-Des Moines 
Pittsburgh, Pa. 


SEWAGE TREATMENT 
EQUIPMENT 


American Centrifugal Corp., 115 
Broadway, New York City. 

Bailey Meter Co., 1050 Ivanhoe Rd., 
Cleveland, Ohio. 

Builders Iron Foundry Co., 
dence, R. I. 

Chain Belt Co., Milwaukee, Wis. 

Chicago Pump Co., 2349 Wolfram 
St., Chicago, Ill. 

Dorr Co., 570 Lexington Ave., New 
York City. 
Filtration Equipment Corp., 
40th St., New York City 
Gruendler Crusher & Pulverizer Co., 
2915 N. Market St., St. Louis, Mo. 
International Filter Co., 59 E. Van 
Buren St., Chicago, Il. 

Jeffrey Mfg. Co., Columbus, Obio. 

Lancaster Iron Works, 122 BE. 42nd 
t., New York City. 

Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia, Pa. 

Municipal Sanitary Service Corp., 
155 E. 44th St., New York City. 

Pacific Flush Tank Co., 4241 Ra- 
venswood Ave., Chicago, III. 

Phipps & Bird, Inc., 915 E. Cary 
St., Richmond, Va. 

Proportioneers, Inc., 9 Codding St., 
Providence, R. I. 

Simplex Valve & Meter Co., 68th & 
Upland Sts., Philade Iphia, Pa, 

S. Morgan Smith Co., York, Pa. 

Syntron Co., 400 N. Lexington Ave., 
Pittsburgh, Pa 

WwW ee & Tiernan Co., Ine., 

J. 


Steel Co., 


Provi- 


10 E. 


New- 


ark, 
Wilson y Feeders, Inc., Buf- 
falo, N. Y. 

SEWER MAIN CLEANERS 
Champion Corp., Hammond, Ind. 
National Water Main Cleaning Co., 

50 Church St., New York City. 

SEWER PIPE JOINTS 

Atlas Mineral Prod. Co., 
Pa. 

Hydraulic Development Corp., 50 
Church St., New York City. 

Servicised Prod. Corp., 6051 W. 65th 
St., Chicago, Il. 

L. A. Weston, Adams, Mass. 

SEWER RODS 
Champion Corp., 


SIGHT GLASSES 
Corning Glass Works, Corning, N. Y. 
(Pyrex Brand) 
SIGNALS, BIN 
Fuller Co., Catasauqua, Pa. 
SIPHONS 
Modern Iron Works, Quincy, III. 
Pacific Flush Tank Co., 4241 Ra- 
venswood Ave., Chicago, Ill. 
SLEEVES, PIPE REPAIR 
Crane Co., 836 8S. Michigan Ave., 
Chicago, Ill. 
S. R. Dresser Mfg. Co., 


Mertztown, 


Hammond, Ind. 


Bradford, 


Pa. 

MecWane Cast Iron Pipe Co., Bir- 
mingham, Ala. 

R. D. Wood Co., 400 Chestnut St., 
Philadelphia, Pa. 


SLEEVES, TAPPING (VALVE) 
Ludlow Valve Mfg. Co., Troy, N. Y. 
M. & H. Valve & Fittings Co., 

vee Ala. 
t Mfg. Co., Louisville, Ky. 
SLUDGE COLLECTORS 
Chain Belt Co.. Milwaukee, Wis. 
Dorr Co., 570 Lexington Ave., New 
York City. 

Filtration Equipment Corp., 10 E. 
40th St., New York City. 

Jeffrey Mfg. Co., Columbus, Ohio. 

Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia, Pa. 


r SLUDGE DEWATERING 

American Centrifugal Corp., 115 
Broadway, New York City. 

Bowen Research Corp., Garwood, 
N. J. 

Filtration Equipment Corp., 10 E. 
40th St., New York City. 

Municipal Sanitary Service Corp., 
155 E. 44th St., New York City. 








SLUDGE DISINTEGRATORS 
Gruendler Crusher & Pulverizer Co., 
2915 N. Market St., St. Louis, Mo. 
Royer Foundry & Mach. Co., 158 
Pringle St., Kingston, Pa. 
SLUDGE FILTERS 
Filtration Equipment Corp., 
40th St., New York City. 
Municipal Sanitary Service Corp., 
155 E. 44th St.,'New York City. 
Oliver United Filters Co., 33 W. 
42nd St., New York City. 
SLUDGE PUMPS 
Chain Belt Co., Milwaukee, Wis. 
Chicago Pump Co., 2349 Wolfram 
t., Chicago, I1l. 
Chain Belt Co., Milwaukee, Wis. 
Novo Engine Co., Lansing, Mich. 
SLUDGE aInEe (pH AND 


10 E. 


CHLOR. 

Hellige, Inc., 3718 Northern Blvd., 
Long Island City, N. Y. 

La Motte Chem. Prod. Co., McCor- 
mick Bldg., Baltimore, Md. 

W. A. Taylor & Co., Inc., 872 Lin- 
den Ave., Baltimore, Md. 

Worthington Pump & Machy. Corp., 
Harrison, N. J. 

SODA ASH 

The Columbia Alkali Corp., 
ton, Ohio. 

Electro Bleaching Gas Co., 9 E. 41st 
St., New York City. 
Faesy & Besthoff, Inc., 22 E. 40th 

t., New York City. 
Mathieson Alkali Works, 60 E. 42nd 
St., New York City. 
Niagara Alkali Works, 9 E. 4ist 
St., New York City 
Penn. Salt. Mfg. Co., W idener Bldg., 
Philadelphia, Pa. 
SODIUM ALUMINATE 


Merrimac Chemical Co., 
Mass. 

National Aluminate Corp., 6216 W. 
6th Pl., Chicago, II. 
Penn. Salt Mfg. Co., 

Bldg., Philadelphia, Pa. 
SODIUM HYPOCHLORITE 
The Columbia Alkali Corp., Bar- 
berton, Ohio. 
Electro Bleaching Gas Co., 9 E. 


Barber- 


Boston, 


Widener 


4ist St., New York City. 

Great Western’ Electro-Chemical 
Co., 9 Main St., San Francisco, 
Calif. 

Mathieson Alkali Works, 60 E. 
42nd St., New York City. 

Merrimac Chemical Co., Boston, 
Mass. 


Niagara Alkali Works, 9 E. 41st 
St., New York City. 
Penn. Salt Mfg. Co., 

Bldg.. Philadelphia, Pa. 
SPEED REDUCERS, TRANSMISSION 
Jeffrey Mfg. Co., Columbus, Ohio. 
Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia, Pa. 
Reeves Pulley Co., Columbus, Ind. 
SPRAY DRYING EQUIPMENT 
Bowen Research Corp., Garwood, 
N. 


Widener 


SPRINKLING FILTER PLANTS 
Dorr Co., 570 Lexington Ave., New 
York City. 

Pacific Flush Tank Co., 4241 Ra- 
venswood Ave., Chicago, III. 
Simplex Valve & Meter Co., 68th 
and Upland Sts., Philadelphia, 

Pa. 


STACKS, FUME 
Johns-Manville, 22 E. 40th St., 
New York City. 
A. Wyckoff & Son, Elmira, N. J. 
STANDPIPE AND TANKS 
Chicago Bridge & Iron Company, 
2198 Old Colony Bldg., Chicago, 
Ill. 


R. D. Cole Mfg. Co., Newnan, Ga. 

Colurabia Steel Tank Co., Kansas 
City, Mo. 

Pittsburgh-Des Moines Steel Co., 
Pittsburgh, Pa. 

STEAM AND GAS PURIFIERS 

Carborundum Co., Niagara Falls, 

r ¥ 


N. 4 
International Filter Co., 59 E. Van 
Buren St., Chicago, Ill. 


STEEL PLATE CONSTRUCTION 


Chicago Bridge & Iron Company, 
2198 Old Colony Bldg., Chicago, 


Ill. 
Pittsburgh-Des Moines Steel Co., 
Pittsburgh, Pa. 
STIRRERS : 
Dorr Co.. 570 Lexington Ave., New 
York City. 
Omega Mach. Co., Inc., 4010 Penn 
Ave., Kansas City, Mo. 
Phipps & Bird, Inc., 915 BE. Cary 
St., Richmond, Va. 
STOKERS 
Combustion Engineering Co., 200 
Madison Ave., New York City. 
Link-Belt Co., 2410 W. 18th St., 
Chicago, Ill. 





STRAINERS, SUCTION 
SR Haentjens & Co., Hazleton, 


Edeon Corp., 49 D St., 
ton, Mass. 
SULPHATE OF ALUMINA 
Activated Alum Corp., 80 Broad 
St., New York City. 
Faesy & Besthoff, ite. , 22 EB. 40th 
St., New York Cit 
Penn. Salt Mfg. Co., 7000 Widener 
Bldg., Philadelphia, Pa. 
SWIMMING POOL EXPAN- 
SION JOINTS 
Servicised Prod. Corp., 6051 W. 65th 
St., Chicago, Ill. 


SWIMMING POOLS AND EQUIP- 
MENT 
Everson Mfg. Co., 


233 W. 
St., Chicago, Ill. 
Hellige, Inc., 3718 Northern Blvd., 
Long Island City, N. 
International Filter Co., 59 BE. Van 
Buren St., Chicago, Ill. 
Permutit Co., 330 W. 42nd St., 
New York City. 
Pittsburgh-Des Moines Steel Co., 


Pittsburgh, Pa. 
Proportioneers, Inc., 9 Codding St., 
Providence, R. 
Roberts Filter Co., Darby, Pa. 
Wallace & Tiernan Co., Inc., New- 


South Bos- 


Huron 


ark, 
Wilson “Chemical Feeders, Inc., 
Buffalo, N. Y. 


SWIMMING POOL CHEMICALS 


Activated Alum Corp., 80 Broad 
St., New York City. 
—— Alkali Wks., 60 BH. 42nd 


New York City. 
mi... Salt Mfg. Co., 1000 Widener 
Bldg., Philadelphia, Pa. 
Wallace & Tiernan, Co., Inc., New- 
ark, N. J. 
SWIMMING POOL PAINT IN 
COLORS 
Inertol Co., Inc., 401 Broadway, 
New York City. 
SWIMMING POOL TESTING OUT- 
FITS (pH and Chlorine) 


LaMotte Chem. Prod. Co., Balti- 
more, Md. 

Phipps and Bird, 915 E. Cary St., 
Richmond, 


ya. 
, ee Taylor & Co., 872 Linden 
Ave., Baltimore, Md. 
Wallace & Tiernan Co., Inc., 
ark, N. J. 
SWITCHES, FLOAT 


Barrett-Haentjens & Co., Hazleton, 


New- 


Pa. 
Clark Controller Co., 1146 EB. 152nd 
St., Cleveland, Ohio. 
TAMPERS, TRENCH 
Modern Iron Works, Quincy, IIl. 
Syntron Co., 400 N. Lexington Ave., 
Pittsburgh, Pa. 
Worthington Pump & Machy. Corp., 
Harrison, N. J. 
TANKS, ELEVATED STEEL 
Chicago Bridge & Iron Company 
2198 Old Colony Bldg., Chicago, 


ll. 
R. D. Cole Co., Newnan, Ga. 
Columbia Steel Tank Co., Kansas 
City, Mo. . 
Graver Tank & Mfg. Co., East Chi- 
eago, Ind. 
Western Gas Div., 
Ft. Wayne, Ind. 
Pittsburgh-Des Moines Steel Co., 
Pittsburgh, Pa. : 
TANKS, RUBBER LINED 
Wallace & Tiernan Co., Inc., 
Newark, N. J. 
TANKS, SEDIMENTATION 
Chain Belt Co., Milwaukee, Wis. 
Chicago Bridge & Iron Company, 
2198 Old Colony Bldg., Chicago, 


Koppers Co., 


Ill. 

Dorr Co. ” _ Lexington Ave., New 
York (¢ 

Graver Tank & Mfg. Co., East Chi- 
cago, Ind. 


Laneaster Iron Wks., 122 E. 42nd 
St., New York City. 
Pittsburgh-Des Moines Steel Co., 


Pittsburgh, Pa. 


TANKS, SEPTIC 
Crane Co., 836 S. Michigan Ave., 
Chicago, Ill. 
Lancaster Iron Works, Inc., 122 E. 
42nd St., New York City. 
TANKS, STEEL 
(See Tanks, Elevated Steel) 
TASTE & ODOR REMOVAL 
CHEMICALS 
Activated Alum Corp., 80 Broad 
St., New York City. 
Faesy & Besthoff, Inc., 22 E. 40th 
St., New York City. 
Industrial Chemical Sales Co., Inc., 
230 Park Ave., New York City. 
L. A. Salomon & Bros., 216 Pearl 
St., New York City. 
Ww allace & Tiernan Co., Ine., New- 
ark, N. J. 
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CLASSIFIED INDEX OF PRODUCTS 








TASTE AND ODOR REMOVAL 
EQUIPMENT 
Graver Tank & Mfg. Co., East Chi- 
cago, Ind. 
International Filter Co., 59 E. Van 
Buren St., Chicago, Ill. 
Permutit Co., 330 W. 42nd St., 
New York City. 
Proportioneers, Inc., 9 Codding St., 
Providence, R. I. 
Roberts Filter Mfg. Co., Darby, 
> 


Wallace & Tiernan Co., Inc., New- 
ark, N. J. 
TESTERS, WATER METER 
Ford Meter Box Co., Wabash, Ind. 
THICKENERS 
Dorr Co., 570 Lexington Ave., New 
York City. 
International Filter Co., 59 E. Van 
Buren St., Chicago, Ill. 
Tonge S) WELDING & CUTTING; 
RAZING & SOLDERING 
Views Equipment Co., 840 Folsom 
St., San Francisco, Calif. 
TREADS, SAFETY 
Arrowhead Iron Works, 
City, Mo. 
Blaw-Knox Co., Pittsburgh, Pa. 
TRENCH BRACES 
(See Braces, Trench Excavating) 
TURBIDITY TESTERS 
Hellige, Inc., 3719 Northern Blvd., 
Long Island City, N. ¥. 
TURBINES, HYDRAULIC 
S. Morgan Smith Co., York, Pa. 
VACUUM HEATING PUMPS 
Chicago Pump Co., 2349 Wolfram 
St., Chicago, Ill. 
Worthington Pump & Machy. Corp., 
Harrison, N. J. 
VALVE BOXES 
Crane Co., 836 8S. Michigan Ave., 
Chicago, Il. 
Ford Meter Box Co., Wabash, Ind. 
Ludlow Valve Mfg. Co. - ae. We Be 
M. & H. Valve & Fittings Co., 
Anniston, Ala. 
Modern Iron Works, Quincy, IIl. 
Vogt Mfg. Co., Louisville, Ky. 
R. D. Wood Co., Philadelphia, Pa. 
VALVE OPERATING PARTS 
Crane Co., 836 8S. Michigan Ave., 
Chicago, Ill. 
Golden-Anderson Valve Spec. Co., 
1329 Fulton Bldg., Pittsburgh, Pa. 
Ludlow Valve Mfg. Co., Troy, N. Y. 


Kansas 


R. D. Wood Co., Philadelphia, Pa. 
VALVES 

American Brass Works, Waterbury, 
Conn. 


Primer Co., 113 W. 
Chicago, Iil. 
Hazleton, 


Automatic 
Washington St., 

Barrett-Haentjens & Co., 
Pa. 

Crane Co., 836 8S. 
Chicago, Il. 

Golden-Anderson 


Michigan Ave., 


Valve Co., 1329 
Fulton Bldg., Pittsburgh, Pa. 
Ludlow Valve Mfg. Co., Troy, N. Y. 
M. & H. Valve & Fitting Co., Annis- 

ton, Ala. 
Mueller Co., Decatur, Ill 
Permutit Co., 330 W. 
New York City. 
Pittsburgh Equitable Meter Co., 400 
Lexington Ave., Pittsburgh, Pa. 
Simplex Valve & Meter Co., 68th 
and Upland Sts., Philadelphia, Pa. 
S. Morgan Smith Co., York, Pa. 
R. D. Wood Co., Philadelphia, Pa. 
Worthington Pump & Machy. Corp., 
Harrison, N. J. 


VALVES, ALTITUDE 
Golden-Anderson Valve Spec. Co., 
1329 Fulton Bldg., Pittsburgh, Pa. 
Simplex Valve & Meter Co., 68th & 
Upland Sts., Philadelphia, Pa. 
S. Morgan Smith Co., York, Pa. 
Union Water Meter Co., Worcester, 
Mass. 
VALVES, CHECK 
Barrett-Haentjens & Co., Hazleton, 
Pa. 

Crane Co., 836 8. 
Chicago, Ill. 
Golden-Anderson Valve Co., 

Fulton Bldg., Pittsburgh, Pa. 
Ludlow Valve Mfg. Co., Troy, N. Y. 
S. Morgan Smith Co., York, Pa. 
R. D. Wood Co., Philadelphia, 

VALVES, CONE, OF ALL TYPES 
Golden-Anderson Valve Spec. Co., 

1329 Fulton Bldg., Pittsburgh, Pa. 

S. Morgan Smith Co., York, Pa. 
VALVES, EMERGENCY TRIP 
Crane Co., 836 8. Michigan Ave., 

Chicago, Ill. 

Golden-Anderson Valve Spec. Co., 

1329 Fulton Bldg., Pittsburgh, Pa. 

VALVES, ENGINE STOP AND 

THROTTLE 

Crane Co., 836 8S. Michigan Ave., 
Chicago, Ill. 


“42nd St., 


Michigan Ave., 
1329 


Pa. 








Golden-Anderson Valve Spec. Co., 
1329 Fulton Bldg., Pittsburgh, Pa. 
VALVES, FLAP 
Crane Co., 836 S. Michigan Ave., 
Chicago, Ill. 
Ludlow Valve Mfg. Co., Troy, N. Y. 
R. D. Wood Co., 400 Chestnut St., 
Philadelphia, Pa. 
VALVES, FLOAT 
Crane Co., 836 8S. Michigan Ave., 
Chicago, Ill. 
Golden-Anderson Valve Spec. Co., 
1329 Fulton Bldg., Pittsburgh, Pa. 
Ludlow Valve Mfg. Co., Troy, N. Y. 
VALVES, FOOT 
Crane Co., 836 S. Michigan Ave., 
Chicago, Ill. 
Edson Corp., 
ton, Mass. 
Ludlow Valve Mfg. Co., Troy, N. Y. 
R. D. Wood Co., 400 Chestnut St., 
Philadelphia, Pa. 
VALVES, FOUR WAY 
Crane Co., 836 8. Michigan Ave., 
Chicago, Il. 


49 D St., South Bos- 


Golden-Anderson Valve Spec. Co., 
1329 Fulton Bldg., Pittsburgh, Pa. 
International Filter Co., 59 BE. Van 


Buren St., Chicago, III. 


VALVES, GATE 
American Brass Works, Waterbury, 


836 S. Michigan Ave., 

Chicago, Ill. 

Bartlett-Hayward Div., 
o., Baltimore, Md. 

Ludlow Valve Mfg. Co., Troy, N. Y. 

M. & H. Valve & Fittings Co., 
Anniston, Ala. 

Vogt Mfg. Co., Louisville, Ky. 

R. D. Wood Co., Philadelphia, Pa. 

Worthington Pump & Machy. Corp., 
Harrison, N. J 

VALVES, HYDRAULIC CYLINDER 

OPERATED 

Crane Co., 836 S. Michigan Ave., 
Chicago, Ill. 

Golden-Anderson Valve Spec. Co., 
1329 Fulton Bldg., Pittsburgh, Pa. 

Western Gas Div., Koppers Co., 
Fort Wayne, ag 

Ludlow Valve Mfg. 

S. Morgan Smith _ 

R. D. Wood Co., 400 Chestnut ‘St., 
Philadelphia, Pa 


VALVES, MOTOR OPERATED 
Crane Co., 836 8S. Michigan Ave., 
Chicago, Ill. 
Golden-Anderson Valve Spec. Co., 
1329 Fulton Bldg., Pittsburgh, Pa. 
Western Gas Div., Koppers Co., Ft. 
Wayne, Ind. 
Ludlow Valve Mfg. Co., Troy, N. Y. 
S. Morgan Smith Co., York, Pa. 
R. D. Wood Co., 400 Chestnut St., 
Philadelphia, Pa. 
VALVES, MUD AND PLUG 
Barrett-Haentjens & Co., 
Pa. (plug). 
Crane Co., 836 8. 
Chicago, Ill. 
Ludlow Valve Mfg. Co., Troy, N. Y. 
Roberts Filter Mfg. Co., Darby, Pa. 


VALVES, RUBBER, GLASS AND 
LEAD LINED 
Golden-Anderson Valve Spec. Co., 
1329 Fulton Bldg., Pittsburgh, Pa. 
Hills-McCanna Co., 2349 Nelson St., 
Chicago, Ill. 
VALVES, SPECIAL AUTOMATIC 
Crane Co., 836 8S. Michigan Ave., 
Chicago, Ill 
Golden-Anderson Valve Spec. Co., 
1329 Fulton Bldg., Pittsburgh, Pa. 
S. Morgan Smith Co., York, Pa. 
VALVES, STANDPIPE 
Crane Co., 836 S. Michigan Ave., 
Chicago, Ill. 
Golden-Anderson Valve Spec. Co., 
1329 Fulton Bldg., Pittsburgh, Pa. 


VALVES, TRIPLE ACTING NON- 
RETURN 


Crane Co., 836 8S. Michigan Ave., 
Chicago, Ill. 
Golden-Anderson Valve Spec. Co., 
1329 Fulton Bldg., Pittsburgh, Pa. 
VALVES, UNLOADING 
Crane Co., 836 8S. Michigan Ave., 
Chicago, Ill. 
Golden-Anderson Valve Spec. Co., 
1329 Fulton Bldg., Pittsburgh, Pa. 
VALVES, WATER & STEAM 
REDUCING 
Crane Co., 886 S. Michigan 
Chicago, Ill. 
Golden-Anderson Valve Spec. Co., 
1329 Fulton Bldg., Pittsburgh, Pa. 
S. Morgan Smith, York, Pa. 
VALVES, WATER METER 
SPECIAL 
Ford Meter Box Co., Wabash, Ind. 
VALVES, WATER RELIEF 
Golden-Anderson Valve Spec. Co., 
1329 Fulton Bldg., Pittsburgh, Pa. 


Koppers 


Hazleton, 


Michigan Ave., 


Ave., 





Ludlow Valve Mfg. Co., Troy, N. Y. 
S. Morgan Smith Co., York, Pa. 
VALVES, WATER SERVICE—HAND 

OPERATED & POWER 
OPERATED 

Crane Co., 836 S. Michigan Ave., 
Chicago, Ill. 

Golden-Anderson Valve Spec. Co., 
1329 Fulton Bldg., Pittsburgh, Pa. 

Ludlow Valve Mfg. Co., Troy, N. Y. 

S. Morgan Smith Co., York, Pa. 


VENTURI TUBES 


Bailey Meter Co., 1072 Ivanhoe, 
Cleveland, Ohio. 
Builders Iron Foundry, 9 Codding 


St., Providence, R. I. 
International Filter Co., 59 E. Van 
Buren St., Chicago, Il. 
Simplex Valve & Meter Co., 68th 
and Upland Sts., Philadelphia, 
Pa. 
VIBRATORS 
Jeffrey Mfg. Co., Columbus, Ohio. 
Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia, Pa. 
Syntron Co., 400 N. Lexington Ave., 
Pittsburgh, Pa. 
WASHING MACHINERY, SAND 
AND GRAVEL 
Dorr Co., 570 Lexington Ave., 
York City. 
Gruendler Crusher 
Co., 2915 N. Market St., 


New 


& Pulverizer 
St. Louis, 


Mo. 
Jeffrey Mfg. Co., Columbus, Ohio. 


Link-Belt Co., 300 W. Pershing 
Rd., Chicago, Ill. 
WASTE GAS BURNERS 
Pacific Flush Tank Co., 4241 Ra- 


venswood Ave., Chicago, IIl. 


WASTE ee tat) 

TREAT 

Activated oan Corp., 80 Broad St., 
New York City. 

Chain Belt Co., Milwaukee, Wis. 

Dorr Co., 570 Lexington Ave., New 
York City. 

International Filter Co., 
Buren St., Chicago, Ill. 


59 E. Van 


Lancaster Iron Wks., 122 E. 42nd 
St., New York City. 
Link-Belt Co., 2045 W. Hunting 


Park Ave., Philadelphia, Pa. 

Proportioneers, Inc., 9 Codding St., 
Providence, R. I. 

Simplex Valve & Meter Co., Phila- 
delphia, Pa. 

Wallace & Tiernan Co., 
ark, N. 

WATER rte EQUIPMENT 
AND REAGENT 

Hellige, Inc., ay Northern Blvd., 
Long Island City, N. Y. 

La Motte Chem. Prod. Co., 
more, Md. 


Inc., New- 


Balti- 


W. A. Taylor & Co., 872 Linden 
Ave., Baltimore, Md. 

Wallace & Tiernan Co., Inc., New- 
ark, N. 

WATER LEAK, rata 

INSTRUMENT 

Simplex Valve 4 Meter Co., 68th 
and Upland Sts., Philadelphia, 
Pa. 

Water Leak Detector Co., 155 N. 


Third St., Columbus, Ohio. 

WATER LEVEL RECORDERS 
Bailey Meter Co., 1072 Ivanhoe 

Rd., Cleveland, Ohio. 
Builders Iron Foundry Co., 9 Cod- 
ding St., Providence, R. I. 
Simplex Valve & Meter Co., 68th 
, Upland Sts., Philadelphia, 
a. 

WATER MAIN CLEANING 
Champion Corp., Hammond, Ind. 
National Water Main Cleaning Co., 

50 Church St., New York City. 


WATERPROOFING PAINTS, COM- 
POUNDS AND MATERIALS 


Ebony Paint Mfg. Co., 2925 E. 18th 
St., Kansas City, Mo. 


General Paint Corp., Cleveland, 
Ohio. 

Inertol Co., Inc., 401 Broadway, 
New York City. 

Johns-Manville, 22 E. 40th St., 
New York City. 

Reilly Tar & Chem Co., Merchants 


Bank Bldg., Indianapolis, Ind. 
Sika, Inc., 1943 Grand Central Ter- 
minal, New York City. 
Servicised Prod. Corp., 6051 W. 
65th St., Chicago, Ill. 


WATER PURIFICATION EQUIP- 
MENT 


Chain Belt Co., Milwaukee, Wis. 

Chicago Bridge & Iron Co., 2198 Old 
Colony Bldg., Chicago, Ill. 

Dorr Co., 570 Lexington Ave., New 
York City. 
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Everson 


Mfg. Co., 
St., Chicago, Ill. 


W. Huron 


International Filter Co., 5 
Van Buren 8t., Chicago, iL . 
Jeffrey Mfg. Co., Columbus, Ohio. 
Link-Belt Co., We Hunting 
Park Ave., Philadelphia, Pa 
Permutit Co., 330 W. 42nd St., 
* mee York City. 
roportioneers, Inc., 9 Cod 
Providence, R. I. ates 
Roberts Filter Mfg. Co., Darby, Pa. 
Simplex Valve & Meter Co. "e8th 
and Upland Sts., Philadelphia, 


Pa. 

Wallace & Tiernan Co., Inc 
ark, } 

Wilson Chemical Feeders, I x 
falo, N. Y. i 


» New- 


WATER RECORDING INSTRU. 
MENTS, MEASURING EQUIP. 


MENT 
Bailey Meter Co., 1072 Ivant 
Rd., Cleveland, Ohio. anhoe 


Brainard & Hatch, 
Hartford, Conn. 
Builders Iron Foundry Co., 9 Coq- 

ding St., Providence, R. I. 
International Filter Co., 59 E. Van 

Buren St., Chicago, iil. 
Simplex Vaive & Meter Co., 68th 

and Upland Sts., Philadelphia, 


a. 
R. W. Sparling, 945 N. 
Los Angeles, Calif. 


WATER SEAL PUMPING UNITS 
Chicago Pump Co., 2349 Wolfram 
St., Chicago, Ill. 
WATER SOFTENERS 


International Filter Co., 
Buren St., 


246 Palm S&t., 


Main St., 


t 59 E. Van 
Chicago (lime-soda). 


National Aluminate Corp., 6216 W. 
66th Pl., Chicago, III. 
Permutit, Inc., 330 W. 42nd St., 


New York City. 

Proportioneers, Inc., 9 Codding St., 
Providence, R. 

Roberts Filter Co., Darby, Pa. 


WATER SUPPLY SYSTEMS 


Chicago Pump Co., 2349 Wolfram 
St., Chicago, Ill. 

Fairbanks, Morse & Co., 
Wabash Ave., Chicago, Il. 

Layne & Bowler, Inc., Memphis, 
Tenn. 

Modern Iron Works, Quincy, III. 

Worthington Pump & Machy. Corp., 
Harrison, N. J. 


WEATHERPROOF PAINTS, ROOF 
COATINGS 


Ebony Paint Mfg. Co., 2925 E. 18th 
St., Kansas City, Mo. 


900 8. 


General Paint Corp., Cleveland, 
Ohio. 

Inertol Co., 401 Broadway, New 
York City. 

Johns-Manville, 22 E. 40th St., New 
York City. 

Tar & Chem. Div., Koppers Co., 


Pittsburgh, Pa. 

Reilly Tar & Chem. Co., Merchants 
Bank Bldg., Indianapolis, Ind. 
Servicised Prod. Corp., 6051 W. 

65th St., Chicago, Ill. 
WEIGHERS, AUTOMATIC BATCH 
Fuller Co., Catasauqua, Pa. 
Jeffrey Mfg. Co., Columbus, Ohio. 


WEIGH FEEDER MACHINES 


Jeffrey Mfg. Co., Columbus, Ohio. 
Omega Machine Co., 4010 Penn 
Ave., Kansas City, Mo. 


Syntron Co., 400 N, Lexington Ave., 
Pittsburgh, Pa. 
WINDOW GUARDS 
Stewart Iron Works, 
Ohio. 
WIRE, CARBON & STAINLESS 
STEEL 


Cincinnati, 


Pittsburgh Steel Co., Grant Bldg., 
Pittsburgh, Pa. 


WIRE MESH PARTITIONS 


Stewart Iron Works, Cincinnati, 
hio. 
ZEOLITE MINERALS 
International Filter Co., 59 E. Van 


Buren St., 
Permutit Co., 
New York City. 
Roberts Filter Mfg. Co., Darby, Pa. 
ZEOLITE WATER SOFTENERS 


Graver Tank & Mfg. Co., East Chi- 
eago, Ind. 

International Filter Co., 59 E. 
Buren St., Chicago, Til. 

Lakeside Engineering Corp., 222 W. 
Adams St., Chicago, Ill. 

Permutit Co., 330 W. 42nd St., 
New York City. 

ae Filter Mfg. Co., 
a. 


"42nd _ St., 


Van 


Darby, 




















WATER WORKS AND SEWERAGE DATA 125 





INFORMATION ON WATER AND SEWAGE WORKS PROBLEMS * 
—WHERE TO FIND IT 


By L. H. ENSLOW 


Editor WATER WorKS AND SEWERAGE 


The subject which has been assigned me is of a rather large 
order and will be dealt with only in part. I will content my- 
self with stating where information of various sorts may be 


found. 

[t goes without saying that information required by water 
works men and sewage works operators is not concentrated 
in two or three books. The nearest approach to concentrated 
information for water works men is found in the manual pub- 
lished by the American Water Works Association—“Water 
Works Practice.” 


Regardless of the availability of published information, 
reference books, etc., it is well known that practical experience 
is essential in solving most water and sewage problems. 


Reference Works. Text books, manuals, hand-books, jour- 
nals, and catalogs are named in the attached list of recom- 
mended reference work for water sewage works men. 


The list represents the majority opinions of operating men, 
managers, engineers and chemists. I was somewhat reticent 
about taking the sole responsibility of naming such a list and 
therefore called on men fully qualified to offer suggestions to 
make up a set of reference works. 


I had not thought of catalogs put out by manufacturers as 
being of value beyond use in specifying and purchasing ma- 
terials and equipment, but one of my collaborators who is 
Superintendent of Operations of a company operating a large 
number of plants states the following: 


“I find that in my own work the most frequently consulted 
books are the catalogs of the manufacturers of water works 
materials and equipment. These catalogs are of constant use, 
not only in connection with the purchasing of the goods listed, 
but also due to the vast amount of information contained in 
them as to the available styles, weights, dimension, capacities, 
and many other features.” 


Small Works and Large Works. It had been my thought 
that I might make up a list of reference works which would 
cover the needs of managers and operators of small and 
medium sized works and another which would be more exten- 
sive for the larger works. A superintendent of a small works 
writes as follows, and I am forced to agree with him to a 
major degree. 


“In my opinion, the small town superintendent should have 
just as complete knowledge of fundamentals as the large town 
superintendent and in fact would have problems coming to his 
personal attention which might require more detailed knowledge 
than would be the case with the superintendent of a large sys- 
tem who would delegate such work to various assistants.” 


Current Information. Current information is best obtained 
through the technical journals, trade papers, manufacturers’ 
publications. 


Attending meetings, listening to papers read and discussion 
of these, is of paramount value. Demonstrations such as those 
put on during meetings are extremely valuable and operations 
of this nature can not, as a rule, be found described in books. 
Operating papers in the journals and trade publications, how- 
ever, frequently describe “operating kinks” of a great value. 


Reprints and Bulletins. Manufacturers and Trade Asso- 
ciations frequently distribute information of value in the nature 
of reprinted articles, house-organs or bulletins. Ofttimes these 
are mailed out only upon request, or by sending in a coupon 
incorporated in an advertisement. It therefore pays to read 
the ads. 

Such publications usually contain valuable information and 
often serve a very useful purpose. If they are not bulky these 
may be filed away or placed in a loose leaf binder under the 
heading of the subject matter, as for example, “Meters and 
Meter Maintenance,” “Tanks and Standpipes,” “Water Treat- 
ment,” “Algae Control,” etc., etc. If bulky, they may be torn 


*A paper presented before the Southeastern Section, American 
Water Works Association in 1932. Revised in 1937. 





apart and the most valuable parts filed for future reference. 
It is surprising how much worthwhile information and data 
can thus be accumulated in a readily available form and at 
practically no cost. Some men make a practice of tearing 
apart technical magazines and filing the desired contents under 
subject matter heading where the information will be more 
readily available thereafter. 


Filing Schemes. I have found the following filing schemes 
practical, serviceable and inexpensive: 


For the office, the old fashioned and inexpensive box letter- 
file. made of cardboard and wood, is very useful. The index 
is removed and the clippings, reprints, etc., covering a single 
“subject-head” are placed in envelopes or folders properly 
labeled and preserved in the box files. These boxes are properly 
labeled to show their subject matter contents and stored on 
end on a shelf as one would store a set of books. As the con- 
tents of a single box grows it may be necessary later to devote 
an entire box to a single subject head. “Water Treatment” 
for example will probably require a single box which may 
contain a folder on water softening, and others on coagulation, 
aeration, corrosion control, etc. One subject head can be broken 
down into as many sub-divisions as may appear desirable. I 
have one which contains 16 sub-divisions and this assists in 
prompt location of the desired information when needed. 


Some people may prefer to use metal box files of the same 
size which are also available, but more expensive. Others may 
prefer a set of loose leaf binders, but I find the boxes are 
simpler, offer more protection to the filed sheets and keep the 
dust out. 

Information such as conversion factors, data tables and 
formulae which are more frequently used may best be filed 
in a pocket-size loose leaf book. The paper can be reinforced 
with little gummed linen eyelets where the rings pass through 
and the sheet folded if need be to fit into the binder or it 
may be cut into parts and glued at its corners to both sides 
of a filler sheet of the binder. An index in the binder serves 
a useful purpose in that it facilitates location of the desired 
tables of data or conversion figures. For work in the field 
the pocket size loose-leaf book is almost indispensable. I have 
one fairly well filled with curves and data cut from magazines, 
journals, and booklets distributed by manufacturers. 


Short Courses for Superintendents and Operators. This 
scheme has been followed successfully in many states. The 
courses are so arranged that those taking it are not in the least 
embarrassed by any lack of prior education. Much of the 
course is of a practical nature and the chemistry and biology 
lectures and laboratory work are made simple and attractive. 
Superintendents who have attended these schools have found 
them very helpful and have returned to take the courses another 
year, which is an excellent indication of their usefulness. Mate- 
rials men, factory representatives, sales engineers and other 
specialists are called upon to give demonstrations of important 
equipment used in water works systems. All of this is very 
useful and helpful to the manufacturer as well as the “students.” 
Questions are freely asked and answered. 


I do not hesitate to recommend the Short Course to every 
one of you and I believe that you will find the slight expense 
and the time spent a thoroughly good investment. 


Special and Unusual Problems. When a special or an un- 
usual problem presents itself to water works or sewage works 
operators, information required may not be easily found in 
published form. In such instances the State Health Department 
personnel can be of material help and I can assure you, as a 
former operator and later affiliated with two State Departments 
of Health, that the engineers and chemists connected with the 
Department are always glad to assist the operator or the man- 
agement of a public works wherever they can. Call freely on 
your Health Department Engineer for information and advice 
and you will be the gainer. 


In instances, the problem will be of a nature that can be 
solved by utilizing information obtainable through the Research 
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and Development Departments of manufacturers, Institutes, 
or Trade Associations. In my capacity of Research Engineer 
of the Chlorine Institute I have frequently been able to supply 
special information covering problems in chlorine application 
which, of nature, I was better prepared to give than someone 
else because of my long and intimate contact with chlorinating 
problems. Other associations are equipped to give similar 
service in connection with their products. 


I have not understood why consulting engineers and chem- 
ists are not more regularly approached for advice and infor- 
mation covering special problems. I believe that managers 
of water and sewage systems overlook the value of having 
their municipality retain consultants on an annual fee basis 
in order to be in a position to seek advice as frequently as 
need be by mail or ’phone. This is practiced by some cities 
but as a rule the small municipalities, which would profit 
relatively more perhaps than the larger cities by such an 
arrangement, fail to take advantage of this relatively low 
cost service. Consultants are not prone to charge small mu- 
nicipalities as heavy as they would those more able to pay. 
Industry finds that it pays to retain consultants on an annual 
fee basis and it sems that municipalities should find the same. 


I believe that every home should have its family physician 
and that every municipality needs the services of a consult- 
ing engineer to prescribe “remedies” over the ’phone just as 
the family physician does and thus frequently saves the pa- 






tient much discomfort or prevents the necessity of a “major 
operation” later. 


I find an increasing tendency on the part of small towns to 
retain chemists and engineers to supervise plant operations and 
at the same time supply advice and information whenever re- 
quired. If engineers and chemists were as good salesmen as are 
lawyers and physicians, more of this kind of valuable service 
would be made use of. 

Visiting. An excellent means of procuring information 
covering operation and maintenance is by visiting water and 
sewage works plants. Many of us are prone to inspect the 
works of our neighbors with a critical eye. We see too easily 
the weak points. If, on the other hand, we should look around 
and make inquiries in a less critical frame of mind, or with 
an attitude of seeking all possible information, more of value 
could be learned. 

When one attends a water or sewage works meeting or a 
short course he is actually “visiting” because there he meets 
and tasks with men from other places. That is next in value 
to an actual visit or first hand inspection of the other fellow’s 
works. I wish to stress the importance of visiting and exchang- 
ing experiences. 

Acknowledgment. I acknowledge, with appreciation, the 
assistance of the several men who contributed suggestions ot 
reference books, catalogs, etc., which proved helpful in pre- 
paring the following lists: 


Note—Our list of 1936 contained several out-of-print publications. The following is a revised and enlarged listings, 
LIST NO. 1*—FOR WATER WORKS MANAGERS AND OPERATORS 
|For Small and Moderate Size Systems. | 
Books Publishers Authors 
Water Works Practice—Manual of the A. W. W. A.....Williams & Wilkins, Baltimore.................. cece eee e eee eees Various 
The Operation of Water Filtration Plants (F).......N. C. State Dept. Health, Raleigh, N. C........... cece cece cee eee ees 
EO NE GIG ooo cece tneienedconsseccersesnies N.Y. State Dent. Health. Alany, N.Y 0 60k ccncs«vewawss sw essalegoeees 
Water Works Handbook.........................--.«McGraw-Hill Co., New York City............... Flynn, Weston & Bogert 
Water Purification Control, 2nd Edition............... Williams & Wilkins, Baltimore, Md...............2ccceceeccceees Hopkins 
Standard Methods of Water Analysis..................: Oe. Se OO BE casa nadeawdasageeee oc waennamammeneiere 
Lab. Manual—Chemical & Bacterial Analysis.......... McGraw Hill Co., New York City............ Theroux, Eldridge, Mallman 
Water and Sewage, 2nd Edition 
MUONS, PUNTMCRUON, ino i ciiksvic cccrisicccecesiancs steveses craw taal Co, New York City... .ccccccsscrccesion vacwss anes Ellems 
Copper Sulphate in Control of Micro Organisms (F)...Nichols Copper Co., New York City............ 0. cece ce eee e eee eeeee Hale 
Oa 5 Se eee rere Sener ee rae Eeonomy Pumping Mach. Co.,. CHIicagd.... .......,cccscccesesvcnsisosenon 
Conversion Factors for Engineers (F)................ Fee Sere Ca TOC FOP CRG oo once cenc cc cs csevetastesesedscceseammeey 
Engineering Data in Flow of Fluids in Pipes (F)...... I ea 5 yen castes We. jo W's wel Bhi Asdeow Scalia war wlan rine 
Bul. No. 21 (a Handbook on Hydraulics) (F)......... Pea Tae Ce... PUA, Pike oie ioc.c cecccce scene sesnwasaes aeinwinweang 
Handbook of Cast Iron Pipe (F)..................0: ee ee ee ae ner re 
TClowination OF Water... cccicccsccccscesccccccccne’s Pee We ee Ge BORE, NOW TOG COG. oss cn ciccccsccacnecossndamaees Race 
Technical Bulletins on Chlorination (F)............... Wallace & Tiernan Co., Newark, N. J............ccccccccccccces Various 
Reprints of Articles on Chlorine and Its Application....The Chlorine Institute, New York City............. 0... cee eee ees Various 
I hig ares nod hitknrbign hs wielbiermiceld John Wiley & Sons, New York City................... Williams & Hazen 
Cameron Eiydraulic Data (F) ..........ccccsccesecsveces Inpersou-mamt, Phillinsburen, N. J. ou... ccccsccccdvceceneveedeneeevece 
Handbook on Fire Protection..................+eeeeees TD. Van Nostrand Co., New York City........... Crosby, Fiske & Forster 
Fire Engine Tests and Fire Stream Tables............. National Board of Fire Underwriters, N. Y. C............ccccccccccccces 
OEE 0 PUMIOE obi cicce ds casorrcecdvevedovacsenna Metsraw-finll Co., New York City... ......cccsccivccncecscessnsecs Dibble 
Bcammation Of Water. oc... cccccccccccccccscecsccscses John Wiley & Sons, New York City.................... Mason & Buswell 
RR SS ee John Wiley & Sons, New York City................... Turneau & Russell 
American Civil Engineering Handbook................ John Wiley & Sons, New York City.................Merriman & Wiggin 
Lefax—Data Sheets for Loose Leaf Note Books........ EGTGR, S0C, PUMAGEIIE, Fic cciiicdcncccs ccc cnsscnsesqevseensae Various 
Water Supply & Treatment................... ccc eeee National Lime Assn., Washington, D. C...................200000- Hoover 
A. B. C. of Hydrogen Ion Control (F)................ LaMotte Company, Baltimore, Md...............-cc ccc ceccecceeeeeceees 
Be Eg eee W. A. faylor Co., Baltimore, BG... ....cccccccesccncvccccvccscescosscoeses 
“Hydro-tite” Booklet of Useful Information (F)....... Hydraulic Development Corp., New York, N. Y............000ceee ee eeee 
Water Supply Engineering....................-0 cc eeee McGraw-Hill Co., New York City...............-..--- Babbitt & Dorland 
Microscopy of Drinking Water....................0.-- Tohn Wiley & Sons, New York City.......... 0.0.00. cece cee eeee Whipple 
og err errr John Wiley & Sons, New York City............. 0... cece cee eee Tracey 


(F) Available as Free Publication at this writing, May, 1937. 


*Revised and enlarged, May, 1937. 


tNeeds revision badly; but is best book of its kind now available. 


Journals and Magazines (Applics to Lists-1 and 2) 
Journal and Monographs of the American Waterworks Association. 
Journal of the New England Water Works Association. 
Current Water Works Technical Magazines. 
LIST NO. 2*—FOR MANAGERS, CHEMISTS AND OPERATORS OF LARGE WATER WORKS 
(In addition to List No. 1 for smaller works) 


Books Publishers Authors 
Be ee John Wiley & Sons, New York City................0- Ward & Whipple 
Ee ree eee bi ale a wig ae Beetereenie Con, WOW VOOR GA. 66 vikicdccwsicccecccvdscesaneneces Smith 
Elements of Water Bacter‘ology...................08- John Wiley & Sons, New York City................. Prescott & Winslow 





ge Oh‘o Geological Survey, Columbus, Ohio.................4.. C. W. Foulk 
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The Determinations of H. Ions.........-..-++++essee: John Wiley & Sons, New York City............. Whipple, Fair & Whipple 

H and Its Practical IN a oak osu asines eaves Williams & Wilkins Co., Baltimore, Md.......... LaMotte, Kenny & Reed 
Microscopy of Drinking Water..............0sessee0- John Wiley & Sons, New York City............ Whipple, Fair & Whipple 
Elimination of Tastes and Odors in Water.............McGraw-Hill Co., New York City.........:-.sseeeeeeceeeeeeeeees Baylis 
Boiler Feedwater Purification.............--..+-++++5 -McGraw-Hill Co., New York City....... ee veerevceesvonsetesenens Powell 
Chemistry of Water and Sewage Treatment........... Chemical Catalog Company, New TOlG COP. 6cics sc v-bivwen Jose eeeeee Buswell 
Water Borne Typhoid Fever Outbreaks... .....+....5.: Williams & Wilkins Co., Baltimore, Md............... W olman & Gorman 
Textbook of Bacteriology..... otecvesccecsesoesesesewed : Appleton & Cé., New York City BE cyiignasacetite sateidt ra cere ak ee ee Hiss & Zinsser 
Corrosion; Causes and Prevention.....................McGraw-Hill Co., New York City......... see seeeeees cee eeeeeees Speller 
Water Supply Paper No. 658 (Quality of Waters)..... U. S. Geological Survey, Washington, D. C..............0.eeeeeee Stabler 
Water Supply Engineering...........................-MeGraw-Hill Co., New York City..................006 Babbitt & Doland 
Handbook of Hydraulics..................+.+++.+....-McGraw-Hill Co., New York City.............. cece eee eseeeeeenes King 
Concrete Engineers’ NMI ates. chacatcnciardic wale droctuntesio’ . McGraw-Hill Co., New York City. Lote vebedccenbws peels Hool & Johnson 
Pocket Companion .........sscecececccesccccescceees Carnegie Steel Corp, New 26th Cty... ..cssccorcccscesscccccoemeescns 
Business Law for Engineers .................seeeeee: McGraw-Hill Co., New York City.........cccccccscsocssccccccccced Allen 
Mechanical Engineers’ Handbook...................++. john Witey @ Sous, Mew Taek COs... . 05 sccwspeecresessevensoevases Kent 
Elements of Hydraulics........... pe rhicntenes geist pe nnine John Wiley & Sons, New York City........................... Merriman 
Guiding Principles of Public Service Regulations 

(3 Vols.) wccccccsscccccncccccsscscsccncnceseseress Public Utilities Reports, Inc., Rochester, N.Y... .6.0.66c000s0cs00 8 Spurr 
Theory and Practice of Public Utility Valuation....... McGraw-Hill Company, New York City.................ccceeeuee Maltbie 
See ERM TUN ns cocseccerenecedescsiees o0050045 cn aii De BON GUM ceiscnksesees ecanexaedesennakys Barker 
Census of Munic. Water Purification Plants...........: Am. Water Works Asen., Mew Fork Gay. os. .ccccsscccsiecccescecceesen 


(F) Available as Free Publication at this writing, May, 1937. 
*Revised and enlarged, May, 1937. 


For Journals see list No. 1. 
LIST NO. 3*—FOR OPERATORS AND MANAGERS OF SMALL SEWAGE WORKS 


Books Publishers Authors 
Operation and Control of Sewage Treatment Plants....New York State Dept. Healtla. occ cc. cc cesses N. Y. State Dept. Health 
Aemtmetie Of Sewawe Disposal... ..o o.0:c<si0s cecvescccse Jonn. Witey & Some, New Vere City oes.csiccicics cécee cue aecies Imhoff & Fair 
Sewerage and Sewage Disposal (A Text Book).......McGraw-Hill Co., New York City.......................Metcalf & Eddy 
Chemical Analysis of Water and Sewage (with explan- 

NE -GEOCNOUIES hsbc sintekc sites pate a sah esse pened Edwards Brothers, Ann Arbor, Mich................ Eldridge & Theroux 
Bulletins Nos. 59, 68, 69, 84 and 86 (F)................ Towra State Colle, Aiaee Fee cise oiscisscocéoc-occovicewiecceo's occa ncees Various 
Manual of Sewage Works Operation................... New Jersey Sewage Expt. Sta.. New Brunswick, N. J.............e0e00 
Reprints ot Technical Papers on Chlorine in Sewage 

I OD gor oe ends aia etalg wien Siem e sions Wallace & Tiernan Co., Newark, N. J., and The Chlorine Inst. N. Y. C. 
Chlorination in Sewage Treatment (F)................4 Amer. Pub. Tien Asst. WN. Y.. Con. cccccccncocoacs Committee Reports 
Chemical Treatment of Sewage.........c.cccccccccccced Amer. Pub. Blemth Asem. N.Y. Cin ooccec:ccoccccdeccevece Committee Report 
Standard Methods of Water and Sewage Analysis......: Ames. Pie, bite Wee TN, Ve Co io oindsceasavn oesanawasernentoncea see 
Laboratory Manual of Water and Sewage Analysis...... McGraw Hill Co., New York City......... Theroux, Eldridge & Mallman 


*Revised and enlarged, May, 1937. 


LIST NO. 4*—FOR MANAGER, CHEMISTS AND OPERATORS OF LARGE SEWAGE WORKS 
(In addition to List No. 3 for smaller works) 


Books Publishers Authors 

American Sewage Practice Vol. 3, Sewage Treatment 

Cy IN iiss sign os. a sreiarassarsin wastes ereacdele orm MeGraw-liel Co... New Forte Citi ose divide sc cvkecnddics Metcalf & Eddy 
SY SUD NGI oi fo ook 6.5 ok eden ose dasaniedeate es McGraw-Hill Co., New York City................... Fuller & McClintock 
Sewerage and Sewage Treatment.............escceeees jonn Wises @& Sons, New Yor: Cay... o6 sc vcicicciecacecvewspeuvews Babbitt 
CO ES os te aN ee eee re pre Mctmaw-—Pre Co., Mew Veter Cit aa ai sissctece hie é:aisiewisioiandcoveieaacio wine Fuller 
The Chemistry of Water and Sewage Treatment....... Cement Cate CPO TOlieco:s 6 kviieecece wha eeine wesw bel Buswell 
The Hoover Plumbing Code (B.H.13)................ RS, SOR OE SONI C5. 6: aca. siv-o-6 erases iclsig wata-s-cle aiereraiohs wine ase ean 
Sewerage and Sewage Treatment...................... bth. “Tent Boek Co, SerMal,. Fis 6. oii bias 6 nck. cdiare ww onto vigioate Hardenberg 
SN SI ioc. a cio cede naiwiain: wie Gp aisland eine neceletea John Wiley and Sons, New York City......... Kinnicutt, Winslow & Pratt 


Sewage Works Journal—(Official publication of the 
Federation of Sewage Wks. Assns.) 
Current Sewerage Magazines 





*Revised and enlarged, May, 1937. 
(F) Available as Free Publication at this writing, May, 1937. 
**A very old book, but one easy to use as a quick reference to standard practices of the past and a discussion of fundamentals. 


Journals and Magazines (Applies to Lists 3 and 4) 


Note :—Sewerage men should examine Lists 1 and 2—also for several (F) publications of value to all alike—for instance, “Con- 
version Factors for Engineers” and the hand-books of pipe and pump data. 












a ae 








WATER WORKS AND SEWERAGE DATA 








WATER 


A Discussion of Flows, Friction, Measurement and Power 


The rate of flow or the volume of water passing a cross sec- 
tion of a stream in a unit time is called the “discharge.” If a 
uniform velocity at all points in the cross section of a stream 
were possible, there would be passing any cross section of the 
stream, every unit of time, a prism of water having a base equal 
to the cross-sectional area of the stream and a length equal to 
the velocity. However, due to the varying effects of friction 
and viscosity, the different filaments of water move with differ- 
ent velocities. For this reason it is common in hydraulics to 
deal with “mean velocities.” 

The discharge may be expressed in terms of the mean velocity : 

Q=av 
where Q= Discharge in cubic feet per second. 
a = Cross-sectional area of stream in square feet. 
v = Mean velocity in feet per second. 

When the discharge is constant (i.e., when the same quantity 
of water passes any cross section of a stream during equal suc- 
cessive intervals of time) the flow is said to be “steady.” 

Flow is said to be “uniform” when there is little or no change 
in the cross section or velocity from point to point in a stream. 

Thus uniform flow implies similarity of conditions at suc- 
cessive cross sections at any given instant, while steady flow in- 
volves permanency of conditions at any particular cross section. 

In hydraulics the term “pressure head,” “static head” or sim- 
ply “head” is used to designate the vertical height of a static 
column of liquid which, due to its weight, would produce a 
pressure equivalent to the pressure in the fluid at the point in 
question. 

The “velocity head” is the height through which a body must 
fall in a vacuum to acquire the velocity with which water flows 
in a stream. The velocity head corresponding to any velocity is 
equal to the static head, which (neglecting friction) could cause 
(or could be caused by) that velocity. The relation between 
velocity head and velocity may be expressed by the formula: 

of 
h=— 
29 
where hy = Velocity head in feet. 
v = Mean velocity in feet per second. 
g = Acceleration of gravity = 32.174 feet per second per 
second. 


Flow of Water Through Orifices and Tubes 


As commonly used in hydraulics, the term orifice is used to 
designate an opening with a closed perimeter, and of regular 
shape, through which water flows. If the perimeter is not 
closed, or if the opening flows only partially full, the orifice be- 
comes a weir. 

An orifice with prolonged sides, such as a short piece of pipe 
two or three diameters in length, set in the side of a reservoir, 
is called a tube. An orifice in a thick wall has the hydraulic 
properties of a tube. 

The theoretical velocity of a stream or jet of water issuing 
from an orifice is given by the formula: 

vt = V2gh 
vt = Theoretical velocity in feet per second. 
g = Acceleration of gravity = 32.174 feet per second per 
second. 
h = Head on the center of the orifice in feet. 


The actual velocity of the jet is less than the theoretical ve- 
locity because of the frictional loss which occurs as the water 
approaches the orifice. The ratio of the actual mean velocity, 
v, to the theoretical velocity, vt, is called the “velocity coeffi- 
cient” and is designated by the symbol Cv. The actual mean 
velocity of the jet is therefore: 

v= CvV2gh 

The stream or jet issuing from an orifice is not in all cases 
the same size as the opening of the orifice because of contrac- 
tion effects in certain cases and flaring effects in other cases. 
The “contraction coefficient,” Cc, of an orifice is the ratio of 
the cross-sectional area of the jet to that of the orifice. 

The discharge from an orifice is given by the formula: 

QO =CvrCeaV2gh 
Q = Discharge in cubic feet per second. 
a = Area of orifice opening in square feet. 

It is customary to combine the coefficients Cv and Ce into a 
single coefficient Ca which is called a “discharge coefficient.” 


where 


where 





The discharge coefficient is therefore a product of the velocity 
coefficient and the contraction coefficient, or Ca = Cv X Ce. 
The formula for discharge from_an orifice then becomes : 
Q =CaaV2gh 
Table 12 gives average values of discharge coefficients for 
various types of orifices and tubes. 


Flow of Water in Pipe and Open Channels 


As the term is used in hydraulics, a pipe may be defined as q 
closed conduit which flows full under pressure. By open chan- 
nel is meant any kind of water course with the top surface of 
the flowing water exposed to the atmosphere, such as a canal, 
aqueduct, flume, sewer or river. 

The “wetted perimeter” of any conduit is that portion of the 
perimeter of the cross section of the conduit in contact with the 
liquid. 

The “hydraulic radius” of a conduit is the cross-sectional 
area of the stream, divided by the wetted perimeter of that 
section. For a circular pipe flowing either full or half full the 
hydraulic radius is one-fourth the pipe diameter (or one-half 
the pipe radius). 

If a tube is tapped into the wall of a vessel or pipe contain- 
ing water under pressure, the water will rise in the tube to a 
height equal to the head producing the pressure at the point 
where the tube is inserted. Such a tube is called a “piezometer” 
tube. Piezometer tubes measure pressure above atmospheric 
pressure (gage pressure) since the water surface in the tube is 
subjected to atmospheric pressure. When piezometer tubes are 
used to measure pressure heads in pipes where water is in mo- 


Table 12 


Discharge Coefficients for Various Types of Orifices and 
Tubes 





Average 
discharge 


Description 
coefficient, Cy 


Diagram 





ig SHARP-EDGED ORIFICE 


The stream is contracted to about 
0.62 of the area of the opening. 


0.61 





ORIFICE WITH WELL-ROUNDED 
ENTRY 


There is little or no contraction and 0.98 


the stream is about the same size as the 
opening. 





SHORT TUBE OR ORIFICE IN 
THICK WALL WITH SQUARE- 
EDGED ENTRY 


When flowing full. 0.82 

When the length of the tube is 24 di- 
— it is called a ‘standard short 
tu 











SHORT TUBE OR ORIFICE IN 
THICK WALL WITH SQUARE- 
EDGED ENTRY 

When the stream springs clear from 
the tube at the upstream corner the 
flow is the same as for a sharp-edged 
orifice. 


0.61 








RE-ENTRANT TUBE 
- Length about 24 diameters. Flowing 0.73 
full. , 








RE-ENTRANT TUBE 


When the length is about one diam- 
eter it is called ‘“‘Borda’s Mouthpiece”. 
a springs clear of the walls of the 
tube. 


0.52 




















*The material under this heading has been drawn from Tech- 
nical a i No. Y ies recently issued by National Tube Co. of 
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Fig. 35—Hydraulic Grade Line 


tion, the end of the tube should enter the pipe at right angles to 
the direction of flow and the end of the tube should be flush 
with the inner surface of the pipe. 

If a pipe full of water is provided with several piezometer 
tubes, a line joining the tops of the columns of water in the 
tubes is called the “hydraulic grade line,” and the slope of this 
line is the “hydraulic slope” or simply the “slope.” Two pie- 
zometer tubes attached to a pipe line are shown in Fig. 35. The 
line joining the tops of the columns of water in the tubes rep- 
resents the hydraulic grade line and hf represents the loss of 
head in length J. The nema: ina s, is therefore: 

tf 
sxe. 
I 
Friction 

There is always friction between moving water and the sur- 
face with which the water comes into contact. There is also 
friction between the moving particles of the water themselves 
which is commonly called viscosity. 

Water particles in contact with the conduit surface are re- 
tarded by friction, and viscosity causes a retardation of the 
particles removed from the conduit surface. Therefore, water 
flowing in a pipe has its maximum velocity at the center and its 
minimum velocity near the pipe walls. 

If there were no friction losses, the theoretical velocity, vt, at 
which water would discharge from a pipe or channel would be 


vt = V2gh. In any long pipe or channel, however, the greater 
portion of the total head is used in overcoming friction. 

The amount of frictional resistance offered by any surface 
increases with the degree of roughness of the surface. The 
resistance due to viscosity decreases as the temperature of the 
water increases. 

The loss of head due to the combined effects of viscosity and 
friction between the moving water and the surface of the con- 
duit is usually referred to as the loss of head due to friction. 

The influences of friction and viscosity on the flow of water 
have been determined experimentally by various authorities and 
a variety of formulas for the loss of head due to friction have 
been derived. Only a few of the best-known and most generally 
used formulas will be presented in this article. 

In addition to the loss of head due to friction, other losses 
of head result from changing the velocity or direction of flow. 
These special losses are considered in Table 21. 


Formulas for Flow of Water 
In Pipe and Open Channels 


The Chezy Formula 

The most generally used formula for determining the velocity 
of flow of water in pipe and open channels is the Chezy 
Formula : s 


v=cVrs,orv=cr 
where v = Mean velocity in feet per bah 
r = Hydraulic radius in feet. 
s = Hydraulic slope in feet per foot of length. 
c=A coefficient which Chezy considered to be constant, 


0.5 aes 


but which is now known to vary with the hydraulic 

slope and hydraulic radius as well as with the 

degree of roughness of the surface with which the 
‘water comes in contact. 

This formula, although originally designed for open channels, 
is with proper modification applicable to either open channels 
or pipe. 

The Hazen-Williams Formula 

For the same degree of roughness, the value of c for the 
Chezy Formula increases with the hydraulic slope and with 
the hydraulic radius. This is due to the fact that the exponents 
used for the terms in the formula are less than the true values. 
If the exponents were increased to correspond more nearly with 
the facts, the variation in the value of c would become smaller. 

The Hazen-Williams Formula was designed with a view of 
obtaining a minimum variation in the value of c for all con- 
duits of the same degree of roughness. That is, the object was 
to select values for the exponents such that c would be, as 
nearly as practicable, a function of the degree of roughness of 
the conduit surface and not of the hydraulic radius and slope. 

The Hazen-Williams Formula is: 


v= cr’ 5°54) .001-°-* 


where v = Mean velocity in feet per second. 
r = Hydraulic radius in feet. 
s = Hydraulic slope in feet per foot of length. 
c = Hazen-Williams coefficient of roughness. 

The last term (0.001-"") is a constant, and was introduced 
simply to equalize the value of c with the value in the Chezy 
Formula and other exponential formulas which may be used 
as a slope of 0.001 instead of at a slope of 1. Since 0.001-°™ 
equals 1.318, the Hazen-Williams Formula may be written: 


v = 1.318cr**5°™ 


Values of Coefficient ''C" 


The following values of the coefficient c may be used in the 
Hazen-Williams Formula for computing the loss of head due 
to friction in new well-laid pipe: 

Kind of Pipe Coomelent c 


Kind of Pipe Coefficient c 


National Duroline ..... 148* WOR BEBVO  .ncccscccce 120 
Wrougnt Steel ......00. 140 Riveted Steel .......... 110 
Small Brass and Copper 130 be: BS eee 110 
a rr 1 Brick Sewers .......... 100 


Concrete 





*“Duroline” pipe is protected against internal corrosion and 
mounting friction losses by a cement base composition lining 
of a highly durable nature.—Ed. 


yApproximately the same for cement lined pipe.—Ed. 

It must be understood that these values depend upon the 
smoothness and regularity of the surfaces and are likely to vary 
in individual cases. In designing a pipe line it is customary to 
use somewhat lower coefficients than those above, to allow for 
variations due to local conditions, and for reduction of carrying 
capacity with age due to roughening of the inside surface, 
accumultaion of corrosion products, and tuberculation. How- 
ever, in case of Duroline Pipe, the volume of flow remains 
practically unchanged over long periods of service due to the 
fact that rust tubercles do not form and the initially smooth 
inside surface is retained. 

Tables 15 and 16 have been prepared to furnish directly the 
loss of head (hf) in feet per 1000 feet of pipe of various sizes 
for different velocities and values of the coefficient ¢, Similar 
data for Duroline Pipe, based on a value of c= 148, is given 
in Table 17. These tables were calculated for actual internal 
diameters by the following arrangement of the Hazen-Williams 
Formula: 

0-54 


Vv 
ht = 100 A/ T3i8 * 


where hy = Loss of head in feet due to friction per 1000 feet 
of pipe = 1000s. 

The loss of head (hf) for any value of the coefficient c not 

given in Tables 15 and 16 may be determined by multiglying 





0-54 100 
the loss of head (hf) for c = 100 by the factor v2 


Values of this factor corresponding to various values of the 
coefficient c are given below: 


Factor = Factor = 
0-54 joo 0.54 io 
Coefficient c — Coefficient c tes 
c c 
60 2.575 110 0.8382 
70 1.936 120 -7135 
80 1.512 130 6152 
90 1.215 140 5363 
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Table 15 | 
Loss of Head in Pipe by Friction for National A.P.I. Line Pipe, Calculated by Hazen-Williams Formula 



































































































































































Discharge in ; “ —~ 
In- Veloc- Loss of head in feet Discharge in | v.10. : 
Pipe | side | Gal- — per 1000 feet of pipe (4) Pipe _ Gel ity in ae be in oy) 
size | diam- | lons | Gallons 7 yd i wpe 
inches | eter per © 24 per _ size | diam- | lons | Gallons ”) 
inches | min- ours | Second inches | _ eter per 24 | second 
ute {v) c=140 | c=120 | c=100 | c=80 inches. | min- ours () entas | eatin 1 etiete Le 
ute = 100 
I 1,049 3 —- I ase 6.72 8.94 12.5 18.9 
4 5 1.485 11.4 15.2 21.4 ; 
5 7,200 | 1.856 17.3 23.0 32.3 33 ; 2% | 2.469 8 11,520 | 0.536| 0.639] 0.733] 0.851 1.19 
6 8,640 | 2.227] 24.3 32.3 45.2 68.4 sid po -670 906) 1.11 1.29 1.80 
8 11,520 2.970 41.3 55.0 77.1 117. . 17,2 804 1.35 1.55 1.80 2.53 
a 14.400 3.712 62 5 83.1 u17. 176. P = eo = 7 Gs 3 2 4 30 
2 j 117. ; : . , . . -SI 
16 23,040 ; om sap. 198. 278. of 25 = I 675 5.27 6 os 7.02 9.83 
20 28,800 .42 226. : 4 ; so 2,000 | 3.351 | 19.0 2r. 25.3 35.5 
25 36,000 be 341 4 636 D4 100 144,000 6.701 | 68.7 78.8 91.4 128. 
30 43.200 | 11.137 478. 636. Sor. 1347. 150 216,000 | 19.052 | 146 167 194. 271. 
35 | 50,400 | 12.993] 636. 846 1185. | 1792. 200 | 288.000 | 13.402 | 248. 284 330 462 
40 | $7,600 | 14.849| 814. | 1083. | 1518. | 2295. 250 | 360,000 | 16.753 | 375. 430 499. 699. 
“ . . —s 300 | 432,000 | 20.103 | S20. 003. . 980. 
1% 1.380 4 5.760 0.858 3.01 4.01 5.61 8.49 
oR -ahe 1B. Bee Ry 3 | 3.068 | 10 | 14,400 | 0.434| 9.336] 0.385] 0.446] 0.626 
640 1.287 6.38 8.49 11.9 18.0 15 21.600 651 a1 816 ‘946 1.33 
8 11,520 1.716 10.9 14.5 20.3 30.6 . : 
10 14,400 2.14 20 28,800 .868 1.21 1.39 1.61 2.26 
. 145 16.4 21.9 30.6 46.3 6 08 3 
52 17.280 2.874 23.0 30.6 42.9 64 25 36,000 1.085 1.83 2.10 2.44 3.41 
6 . . : 9 50 72,000 | 2.170] 6.61 7.58 8.79 | 12.3 
I 23,040 | 3.432 30.2 52.2 73.2 iit. 100 141,000 | 4.340] 23.9 27.4 31.7 44.5 
yo 28,800 é ya 59.3 78.9 aes. 167. 200 | 288,000 | 8.680| 86.1 98.8 115. 161° 
= Py 8 r 4 = pd = a 300 | 432,000 | 13.020 | 182. 209 243. 340. 
60 86,400 12.870 454. 603. 846. “a. 400 576,000 | 17.360 | 3IT. 357. 414. 580. 
80 | 115,200 | 17.160] 773 1028. | 1441. | 2178 500 | 720,000 | 21.699 | 470. 539. 62s. 876. 
1% 1 610 4 5.760 0.630 1.42 1.89 2.65 4.01 v4 
3% 3.548 10 14.400 | © 325 0.165 0.190 0.220 0. 
Ss 7,200 788 2.15 2.86 4.00 6.06 ~ 15 21,600 = .350 402 406 ; 4 
6 8,640 946 3.01 4.01 5.62 8.49 20 8800 6 “68 : ' 
8 38.590 ps 68 28, 49 597 4 794 1.11 
5 3.20% S-13 2 9.S7| 14-5 25 36,000 BU .902| 1.03 1.20 1.68 
10 14,400 | 1.576 7.76 10.3 14.5 21.9 0 2.000 | 1.62 26 2 : 6.0 
12 80 5 72, 3 3 3.73 4.33 7 
ot os 1.891} 10.9 14-5 20.3 30.6 100 | 144.000 | 3.245] 11.8 13.5° | 15.6 21.9 
1 23,040 | 2.521 18.5 24.6 34-5 $2.2 200 288,000 | 6.490] 42.4 48.7 50.4 79.1 
20 28,800 | 3.152 28.0 37.2 §2.2 78.9 300 | 432,000 | 9.735] 89.9 103 120. 168. 
3° 43,200 | 4.728) 59.3 78.9 | It. 167. 400 | 576,000 | 12.980 | 153. 176 204. 286 
2,000 7.880 | 153. 203. 285. 431. e 1 
= J. hy -4 a yo = soo | 720,000 | 16.225 | 231. 266. 308 432 
’ . . . . rs “ 19.470 | 324. 4 32. , 
100 | 144,000 | 15.759] 5sr. 734. | 1028. | 1554. » | 864,000 | 19.470 | 324 372 432 5 
~ 180,000 | 19.699 | 833. staal 1SS4. 4350. 4 4 026 20 28. Rao 0.504 @ 4322 9.370 © 429 0.601 
2 2.067 6 8,640 0.574 0.892) 1.19 1.6 2.51 25 36,000 -630 487 559 648 .909 
8 11,520 765 1.52 2.02 2.83 4.28 30 43,200 756 683 784 909 1.27 
10 14,400 956 2.30 3.06 4.28 6.47 an 57,600 1.008 1.16 1.33 1.55 2.17 
12 17,280 1 147 3.22 4.2 6.00 9.07 50 72,000 1.260 1.76 2.02 2.34 3.28 
16 23,040 1.530 5.48 7.30 10.2 15.5 100 144,000 | 2.520 6.35 7.28 8.45 11.8 
20 28,800 1.912 8.29 11.3 15.5 23.3 200 288,000 5.940 2 2 26.3 30.5 42 : 
30 43,200 2.868 17.6 23.4 32.8 49.5 300 432,000 7.5601 48 55.7 64.6 90 
50 72,000 4.781 45.2 60.2 84.3 128. 400 576,000 10.081 82.7 94.9 110 154 
75 108,000 7.171 95.8 128. 179. 270. 500 720,000 | 12.601 | 125 143. 166 233. 
100 144,000 9.561 | 163, 217. 304. 460. 600 864,000 | 15.121 | 175 201 233 327. 
150 216,000 | 14.342] 346. 460. 645. 975. 800 [1,152,000 | 20.162 | 299. 343. 397. 557. 
200 288,000 | 19.122] 580. 784. 1099. 1661 
: . Discharge in 
Discharge in Veloc- : In- Veloc- Loss of head in feet 
Loss of head in feet r 
In- ity i - Pi id Cubic} *t¥ 9 1000 feet of pipe (A 
i id Gal ity in per 1000 feet of pipe (4;) spe | sce ubic] “feet i cet of pipe (Ay) 
ripe ie ions Gallons feet f , Size diam- | Gallons | feet ae 
inches| eter | per | per 2 | .ctond inches | :cches | hours | dec. |S*<ond 
inches prey ours (v) c=1go | cw130 | c=120 | cos00 oni (v c=140 | c=130 | c=120 | c=100 
10 10.020 | 3,000,000] 4.642 | 8.476] 20.7 23.8 27.6 38.6 
5 5.047 30 43.290 0.481 0.227 0.261 © 292 0.424 
49 | $7. 642 387 “444 515 .722 pyonen a 4 oie B . ie 65.8 
50 72,000 $02 585 671 779 1.09 — ; ai 53.4 : a 99-5 
100 144.000 1.604 2.11 2.42 2.81 3.94 
200 | 288,000 | 3.208 7.63 8.75 10.1 14.2 12 12.000 300,000 | 0.464 | 0.591 0.121 0.139 0.161 0.226 
300 | 432,000 | 4.812| 16.2 18.5 21.5 30.1 400,000} .619 |) 788 -206 -237 -274 -385 
400 576,000 6.416 2s 31.6 36.6 51.3 500,000} .774 -985 -312 -358 -415 . 581 
500 720,000 8.020 | 41.6 477 55.3 77.6 1,000,000 | 1.547 | 5.970 1.13 1.29 1.50 2.10 
750 |1,080,000 | 12.030 | 88.2 101. 117. 164. 1,500,000 | 2.321 | 2.955 2.2 2.74 3.17 4.45 
1000 /|1,440,000 | 16.049 | 150. 172. 200. 280. peo = 20s ‘= 1 ~ : -¥ a? 
$,000,000 | 7.73 9.850] 22.2 25.4 29.5 41.3 
Discharge in f 7,500,000 |II. 14.775 | 47.0 53.9 2.5 7. 
le pogo Loss of head in feet, 10,000,000 |15.47 | 19.700] 80.0 | 91.8 | 106. | 149 
i i subi T 1000 feet of pi 
- =. Gallons = feet = ey 140D| 13.250 | 500,000] 0.774] 0.808] 0.192] 0.221] 0.256] 0.359 
Roce alll ge 36 per per 1,000,000] 1.547 | 1.616 -695 -797 -924 1.30 
op =i pec Rov second 2,000,000 | 3.094 | 3.232 2.51 2.88 3.34 4.08 
aan (r) c=140 | ¢=130 | ¢=120 | C=100 3,000,000 | 4.642 | 4.847 5.31 6.09 7.07 9.91 
5,000,000 | 7.736 | 8.079] 13.7 15.7 18.2 25.5 
7,500,000 |I1.60 | 12.119 | 29.0 33.3 38.6 54.1 
6 6.065 50,000 | 0.0774) 0.386 0.122 0.140 0.162 0.227 10,000,000 |I§.47 | 16.158 | 49.4 56.6 65.7 92.1 
69,000 | 0.928 463 171 .196 227 .318 12,500,000 |19.34 | 20.198 | 74.7 85.6 99.3 139. 
80,000} .124 .617 .291 -333 . 387 .542 
100,000} .155 771 -439 - 504 - 585 -819 160 D}| 15.250 750,000| 1.160] 0.915 0.206 0.236 0.274 0.383 
200,000} .2%)] 1.542 1.59 1.82 2.11 2.96 1,000,000 | 1.547 | 1.220 .350 .402 . 466 .653 
300,000} .464| 2.314 3.36 3 85 4.47 6.27 2,000,000 | 3.004 | 2.440 1.26 1.45 1.68 2.36 
400,000} .619| 3.085 5.72 6.57 7.62 10.7 3,000,000 | 4.642 | 3.659 2.68 3.07 3.56 5.00 
600,000} .y28| 4.627] 12.1 13.9 16.1 22.6 5,000,000 | 7.736 | 6.099] 6.90 7.91 9.18 12.9 
800,000/ 1.258 | 6.170] 20.7 23.7 27.5 B.S 7,500,000 |I1 .60 9.148 | 14.6 16.8 19.4 27.3 
1,000,000 / 1.547] 7.712] 31.2 35.8 41.6 55.2 10,000,000 |I5.47 | 12.198 | 24.9 28.6 33.1 40.4 
1,500,000 | 2.321 | 41.568 | 66.2 75.9 88.1 123 15,000,000 |23.21 | 18.207 52.8 60.5 70.2 98.4 
2,000,000 | 3.004 | 15.424 | 113. 129. 150. 210. 
1830 D| 17.182 | 1,000,000] 1.547 -961 0.196 0.225 0.261 0.365 
x 7.981 200,000 | 0.309} 0.891 0.416 0.478 0.554 0.777 2,000,000 | 3.004 | 1.922 707 811 941 1.32 
300,000} .464 1.336 .882 1.01 1.17 1.65 3,000,000 | 4.642] 2.883 1.50 1.72 1.99 2.79 
400,000} .619| 1.781 1.50 1.72 2.00 2.80 5,000,000 | 7.736] 4.805 3.86 4.43 5.13 7.20 
$00,000} .774| 2.227 2.27 2.61 3.02 4.24 7,500,000 |II .60 7. 8.18 9.38 10.9 15.2 
750,000| I.160 | 3.340 4.82 5.52 6.41 8.98 10,000,000 |I5. 47 9.609} 13.9 16.0 18.5 26.0 
1,000,000 | 1.547 4.454 8.20 9.41 10.9 1§.3 15,000,000 |23.21 | 14.414] 29.5 33.9 30.3 55.0 
1,500,000 | 2.321 : 4 57-4 19.9 23 - = 20,000,000 |30.94 | 19.218 | 50.3 57.7 66.9 93.8 
2,000,000 | 3.094 90' 29 H.0 39 . 
3,000,000 | 4.642 | 13.361 | 62.7 72.0 | 83.5 | 117. 200D| 19.182 | 1,000,000] 1.547] 0.771] 0.115] 0.431] 0.152] 0.214 
2,000,000 | 3. I. 41 ; , -7711 
10 | 10.020 | 300,000] 0.464 | 0.848| 0.291] 0.334] 0 zs 0.543 3,000,000 7 re “876 — s my 
400,000} .619 | 1.130 -496 569 926 5,000,000 | 7.736| 3.855| 2.26 2.59 3.00 4.21 
500,000] .774| 1.413] .750| —-861 998] 1.40 Sounasoesas | cel 2 laa isl! ae 
750,000} 1.160} 2.119] 1.59 N.82 2.12 2.96 10,000,000 |15.47. | 7.710] 8.15 9:35 | 10.8 15.2 
1,000,000} 1.547 | 2.825 2.71 3.01 3.60 5.05 ¥ : ‘ - q 
Gas 8 a3 as 83 15,000,000 |23.21 11.565 | 17.3 19.8 23.0 32.2 
2,000,000 | 3.004 | 5.05 9 . 3 i20,000,000.|30.94 | 15.419 | 29.4 33.7 30.1 54.8 
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Table 16 


Loss of Head in Pipe by Friction for Large Diameter Pipe Listed by I. D. Sizes, 
Caleulated by Hazen-Williams Formula 














































































































— sc ein ta pe : : ‘ 
Pipe inside Batons Velocity Loss of head in feet + inside Dtecianye in Velocity Loss of head in ei 
jametef =| Million| Cubic — per 1000 feet of pipe (//) lameter Million] Cubic | i” feet per 1000 feet of pipe (#;) 
—— gallons} feet | oon d gallons} feet per 
hes| Feet | per24| _ per () Inches! Feet | per 24| per _ | Second 
Inches} ‘(D) ours | second c=140 | c=130 | c=120 | c=100 nehes| (D) liar [PR ceil (v) c=140 | c=130 | c=120 | c=100 
22 | 1.8333| I 1.547 | 0.586 0.059 0.067 | 0.078 | 0.110 42 3.50 7.7 0.804 0.0. 0.0. 0.066 | 0. 
2.5 | 3.868 | 1.465 321 368 427 508 » Ry 1.608 co = 238 ‘ 
5 7.736 2.931 1.16 1.33 1.54 2.16 15 23.21 2.412 .380 .436 .505 -708 
7.5 | 11.60 4.396 2.45 2.81 3.26 4.57 20 30.94 3.216 .647 7142 861 1.21 
10 15.47 5.861 4.18 4.79 5.56 7.79 30 46.42 4.824 1.37 1.57 1.82 2.56 
15 23.21 8.792 8.86 10.2 11.8 16.5 40 61.89 6.433 2.34 2.68 3.11 4.35 
pe wae: | thease | BS-8 17.3 20.1 28.1 50 | 77.36 | 8.041 | 3.53 4.05 | 4.70 | 6.58 
25 38.68 14.053 | 22.8 26.2 30.3 42.5 75 116.0 | 12.061 7.48 8.58 9.95 | 13.9 
24 | 2.0000} 2 3.094 | 0.985 0.139 0.159 | 0.185 | 0.259 48 4.00 5 7.736| 0.616 0.026 | 0.030 | 0.034 | 0.048 
5 7-736 | 2.462 -758 .869 | 1.01 1.41 10 15.47 | 1.23% .094 .107 .124 174 
7-5 | 11.60 3.694 1.61 1.84 2.14 2.99 20 30.04 | 2.462 .338 387 449 .630 
10 15.47 4.925 2.74 3.14 3.64 5.10 30 46.42 3.604 -715 .821 -952 1.33 
15 23-38 7.387 5.80 6.65 7.71 | 10.8 40 61.89 | 4.925 1.22 1.40 1.62 2.27 
20 30.94 9.850 | 9.87 | 11.3 13.1 18.4 50 77.30 | 6.156 | 1.84 2.11 2.45 3.44 
25 | 38.68 | 12.312 | 14.9 17.0 | 19.9 | 27.8 7s | 116.0 | 9.234 | 3.90 | 4.48 | 5.19 | 7.28 
30 46.42 | 14.775 | 20.9 24.0 | 27.8 | 39.0 100 | 154.7 | 12.312 | 6.65 7.63 | 8.85 | 12.4 
26 | 2.1667) 2 3.094 | 0.839 0.094 0.108 | 0.125 | 0.175 54 4.50 10 15.47 | 0.973 0.053 | 0.060 | 0.070 | 0.098 
5 7.736 | 2.098 -513 -589 .683 .957 20 30.94 | 1.946 .190 .218 .253 .35S 
7-5 | 11.60 3.147 1.09 1.25 1.45 2.03 30 46.42 | 2.919 .403 462 .530 752 
10 15.47 4.196 1.85 2.12 2.46 3.45 40 61.89 | 3.801 .687 788 913 | 1.28 
15 23.21 6.295 3.93 4.50 5.22 7.32 50 77.36 4.864 1.04 1.19 1.38 1.94 
20 30.94 8.393 6.69 7.07 8.90 12.5 75 116.0 7.296 2.20 2.52 2.93 4.10 
25 38.68 10.491 10.1 11:6 13.4 18.8 100 154.7 9.728 3.75 4.30 4.98 6.99 
30 46.42 12.589 | 14.2 16.3 18.8 26.4 125 193.4 12.160 5.66 6.50 7.54 10.6 
28 | 2.3333 2 3.094 0.724 0.066 0.075 0.087 0.122 60 5.00 10 15.47 0.788 0.032 0.036 | 0.042 0.059 
5 7.730 1.809 -358 -410 476 .667 20 30.94 1.576 II4 .131 -ISI .212 
7.5 | 11.60 2.714 .758 .869 1.01 1.41 30 46.42 | 2.364 241 277 321 450 
10 15.47 3.618 1.29 1.48 1.72 2.41 40 61.89 | 3.152 411 471 547 
15 23.21 5.428 2.74 3.14 3.64 5.10 50 77.36 3.940 .621 .713 1.16 
20 30.94 7.237 4.66 5.35 6.20 8.69 75 116.0 5.910 1.32 1.51 1.75 2.45 
25 38.68 9.046 7.05 8.08 9.37 13.1 100 | 154.7 7.880 2.24 2.57 2.98 4.18 
30 46.42 | 10.855 9.88 11.3 13.1 18.4 125 | 103.4 9.850 3.39 3.890 4.51 6.32 
30 | 2.5000] 5 7.736 | 1.576 | 0.256 | 0.293 | 0.340 | 0.477 66 5-50 10 15.47 | 0.651 0.020 | 0.023 | 0.026 | 0.037 
10 15.47 3.152 .923 1.06 1.23 1.72 20 30.94 | 1.302 .072 .082 .095 .133 
15 23.21 4.728 1.96 2.24 2.60 3.65 30 46.42 1.954 .1§2 -174 .202 .283 
20 30.94 6.304 3.33 3.82 4.43 6.21 50 77-36 | 3.256 -391 -448 -520 728 
25 38.68 7 5.03 5.78 6.70 9.30 75 | 116.0 4.884 .828 .949 | 1.10 1.54 
30 46.42 9.456 7.06 8.10 9.39 13.2 100 | 154.7 6.512 1.41 1.62 1.88 2.63 
35 54-15 | 11.032 | 9.39 | 10.8 12.5 17.5 125 | 193.4 8.140 | .2.13 2.44 2.84 3-97 
40 61.89 12.608 | 12.0 13.8 16.0 22.4 150 232.1 9.769 2.99 3.43 3.97 5.57 
36 | 3.0000] 5§ 7.736 | 1.004 0.105 0.121 | 0.140 | 0.196 72 6.00 10 15.47 | 0.547 0.013 | 0.015 | 0.017 | 0.024 
10 15.47 2.189 .380 .436 .505 708 25 38.68 1.368 .O71 .081 -094 .132 
15 23.21 3.283 .804 .923 | 1.07 1.50 50 77.35 | 2.736 -256 +293 -340 477 
20 30:94 4.378 1.37 1.57 1.82 2.56 75 116.0 4.104 +542 621 -7al 1.01 
30 46.42 6.567 2.90 3:33 3.86 5.41 100 154.7 5.472 -923 1.06 1.23 1.72 
40 61.89 8.756 4.95 5.67 6.58 9.22 125 193.4 6.840 1.40 1.60 1.86 2.60 
50 77.36 | 10.944 7.48 8.58 9.95 | 13.9 150 | 232.1 8.208 1.96 2.24 2.60 3.65 
60 92.83 | 13.133 | 10.5 12.0 13.9 19.5 175 | 270. 9.576 2.60 2.98 3.46 4.85 
The Scobey Formula 
Pipe inside | Discharge in | veicity Loss of head in feet Fred C. Scobey, Senior Irrigation Engineer of the Division 
diameter |"Cobic | Milli in feet per 1000 feet of pipe (4) of Agricultural Engineering, U. S. Department of Agriculture, 
— | oe per offers the following formulas which he says “include viscosity 
feet | gallons | ..cond ; 5 ° . : 
Inches| Feet | _ per rae 1 "SS | cores | corge | cwnse | cmees influence for a temperature of 15° C. (59° F.) and differentiate 
(D) | second} hours between various types and classes of sheet and plate metal pipe 
me pe ve . by means of coefficients, which are themselves constant through- 
7 .50 25 16.1 0.753 0.021 0.025 | 0.02 0.040 : s4s : 
. ai can an “OB ‘a i out the whole range of sizes and velocities for a given class of 
75 48.47 | 2.260 .163 .188 .217 .305 pipe . 
100 64.63 | 3.014 278 .319 .371 .519 Ksv" 
150 96.95 4.520 .590 .677 -785 1.10 hf= 
200 | 129.3 | 6.027 1.0T 1.15 1.34 1.87 aimee 
250 | 161.6 7.534 1.52 1.74 2.02 2.83 DS 
300 | 193.9 | 9.0gt | 2.13 2.44 2.83 | 3.97 hf*™D-™ 
84 7.00 25 16.16 | 0.650 0.015 0.017 0.020 0.028 © OF meine 
50 32.32 1.299 -054 .062 .072 .100 K.™ 
75 48.47 1.949 -114 .I31 .152 .212 : 8 ee 
100 | 64.63 | 2.598 .194 .223 | .258 | .362 where hf = Loss of head in feet due to friction per 1000 feet 
150 96.95 | 3.808 411 472 -547 -767 of pipe 
200 129.3 5.197 -701 .804 -932 1.31 ie ‘ P ° 
250 | 161.6 | 6.496 | 1.06 1.22 1.41 1.98 D = Mean inside diameter of pipe in feet. 
300 | 193.9 | 7.795 | 1.48 1.70 1.98 2.77 v = Mean velocity of the water in feet per second. 
90 | 7.50 9s 16.16 | 0.566 | o.orr | 0.012 | 0.014 | 0.020 Ke= General coefficient. (K’s is this value for new 
50 32.32 | 1.132 038 044 ost 072 pipe.) ; : ; 
75 | 48.47 | 1.698 -— )|° a) - Scobey limited his study to pipe of nominal size, four inch 
100 64.63 2.264 .139 .159 .185 .259 1 d h A ‘ p £ al A ld be 
150 | 96.95 | 3.305 “204 337 "301 “548 and larger, and assumed that the interior o all pipe wou 
oo | tm | or) me | a ota chemically protected with a coating which would form the true 
300 | 193.9 -79 y : i i . : : P 
200 | as8.s | 9.054 | 2.8 - 2a 3.37 interior sur face, at least during the first years of the life of 
the conduit. ; 
96 | 8.00 25 | 16.16 | 0.49% | 0.008 | 0.009 | 0.010 | 0.014 He divides sheet and plate metal pipe into three major classes: 
50 | 32.32 | 0.995 | .028 | .032 | .037 | .052 4 : “agi - roth 
100 64.63 1.989 ‘101 -116 13s .189 Class 1—“Full-riveted” pipe, having both longitudinal and 
150 95 | 2. -21§ 24 : .400 : : : - act 
200 | 129.3 | 3.979 . 306 419 486 682 girth seams held by one or more lines of rivets with projecting 
300 | 193.9 5.968 -775 1.03 1.44 
400 | 258.5 | 7.958 | 1. 1.52 1.76 2.46 *United States Department of iculture Technical Bulletin 
500 | 323.2 9.947 2.00 2.29 2.65 3-72 No. 150 1930)° Flow of Water in Riveted Steel and Analogous 
Pipes” . 





















































































































































































































































132 WATER WORKS AND SEWERAGE DATA 
Table 17 
Loss of Head in Pipe by Friction for National Duroline Pipe* 
Caleulated by the Hazen-Williams Formula 
Discharge a og ‘ Btocherge - 28 * oe a eae << ro a e| wo Diothetge 7 $8 
( = $5|“Aa|| 2 | ss “ $5|“ae| |Z] 32 $5 |“2e||$| ¢2 30 | “a9 
$\/34 SE) cul] 2 | 24 £2 eux 5| 55 =~ | Sym |S] ae S| cet 
DQ —_ aot a -_ s 
S/S5| o) 2 | evloonlSiS4| 9) € leslosn | FFS4] £ | ee leglost|7|S=| € | eo lesl ooh 
Se .|os] 2B | “8/S88oll 7] ocles] 25 1751886 slos| 28 o 5 8/Sseiis/ou| 88 o5|°8 S28 
g/S$5|55| 58 | pglee°] ¢/ Ss les} s2 [psleeo| (BGs) se [ws lpg lac isi Ss) se | “8 | pg) ace 
NISOiSE| Se O2/H%S S/|So|Sé Sse |[B2/ue ay eo os Sa l}o2\|HeS Ro) as 22 /9"/He 
7] 3 CS Bey 5 [Sa 2/|oO§ Cy an Oy,| °S@ o| ®€ CI 2,1 Sn [Sa o| 2 o" 2, | Sou] OSA 
alkalis] “se | skiers] sizglesl Cs |skleve| Bas] Ss | Sk Skiers ei<gs| Sg | Sk Sel ars 
aj wu a ® um = a we 3 se! 
ey?) |) RP se ja] *| 4 mif sz ||* 88 
‘ 35.0 1 25,920| 2.32| 12.7 6|5.440 50,000| .0774| 0.47] 0.20 1,500,000|2.321 | 7.67| 22.9 
%|0.484) 4) Dessol 3:48{ 126.0 || | °"\ 20] 38'800] 2:57) 15.5 60,000| .0928| .57|  .26 2,000,000)3.094 |10.23| 37.9 
3 4,320] 5.23 oe ol as 80,000| .1238 8 44 3,000,000/4.642 |15.34) 79.0 
. 455. 25 36,000) 3. ; 
: —— 30| 43,200 3.36 33.0 100,000] .1547! .95!  .66)) 8]7.356) 200,000} .3094| 1.04) 0.56 
é $840 10:46 970.0 40 37600 5.15| 56.0 140,000] .2166 1.34| 1.25 300,000} .4642| 1.57) 1.18 
, : 50.0 4,800| 5.80) 77.0 200,000! .3094! 1.91! 3.42 
Betty 4412500. ot ‘500 644 84.0 400,000! .619 | 2.09) 2.00 
3 ee Bs! 79;200| 7:09] 100.0 300,000] .4642 2.871 5.2 ; 
j s : 8.7 500,000) .774 | 2.62) 3.05 
slocse] a] gage) naa] ag go] Beata (ta) 19 penne (peel ba secon] aus | Et) 295 
i s'760| 3.47| 82.0 70| 100,800! 9.02| 157.0 500,000] .774 | 4.79] 13.2 
5 7,200 4.34] 124.0 75] 108.000] 9.66| 177.0 600,000] .928 | 5.75) 18.5 700,000/1.083 | 3.66) 5.7 
y 100! 144.000/12.89] 302.0 800,000)1.238 | 4.19) 7.3 
6 8,640 eet 172-8 150} 216,000/19.33] 570.0 6/5.440 300,00011.288 | 7.67 e's a sen anele ner | o.0ul tas 
8 11,520} 6. . ° ; t x : : i 
\ 443.0 ‘ .68 1.05 1,000,000|1,547 | 9.58] 48.0 
is 21°600 13: 02 946. 0 in 16 14400 °35 1.58 1,500,000/2,321 |14.37|100.0 1,500,000|2.321 | 7.86] 23.8 
20 28,800]17.36/1590.0 12 17,280] 1.02 2.25 2,000, 000/3.094 19.17/170.0 Ltt pet eo =e 
‘ 4,320] 1.52] 13.2 16} 23,040] 1.37| 3.85 817.446] 200,000) .3094| 1.02] 0.53 see ‘ 
A oe ; 5,760] 2.03) 22.2 25 36,000) 2.14 8.6 | 10|9.443| 300,000) .4642) 0.95) 0.35 
5 7,200| 2.54] 34.5 300,000) .4642] 1.53) 1.12 400,000 .619 | 1.27 - 
5 7. F .29} 31.5 , : . A 
7. waa 5 = | 360,000] .557 | 1.84] 1.57 eal staal ae 
11,520] 4.07} 81.0 100] 144,000} 8.58] 113.0 } ‘“ : 
16 14,400 ~ ap es a eee ge ery | 400,000] .619 | 2.04] 1.92 600,000} .928 | 1.90! 1.26 
2{ 17,280| 6.1 Y : ; ’ 
i} Hake 43a] a8 | it} soit) oes | | ) | goer gas | as) as] | j.mseamltase | a8] 
| 93,040] 8.14} 290.0 .725| 10] 14,400] 0.55] 0.54 sak Teche Was sae 
20 38 $0110.16 432.0 P 15 21,600] .82 1.15 700,000/1.083 | 3.58] 5.4 1,500,000/2.321 | 4.77| 6.9 
20) 28, | 
25 $6.000i13.70 es 20 gt 2 te | 8$00,000/1.238 | 4.09] 6.9 2,000,000/3.094 | 6.36] 11.8 
od a aah & | raonl aaa] sos| | | jgmomane| set te || ieemneatesss 28! te 
5 ’ 18 8 72,000) 2.75! 10.6 1,000.000!1.5 ; , ‘ 4 . : 
i oe | F500] LA] 9.0 | “ on ve 1/200,000|1.857 | 6.13] 14.6 | | 
| Hi .o a +t; | 115,200} 4.40) 25.3 
7 10,08 .0 a | ; 
| | 11,520] 2.36] 21.5 md gy oe heads. From the capacity standpoint, pipe with countersunk 
| 10! 14,400 2.95 32.5 | [ao Bee ool 0 136.0 rivet heads on the interior belong in Class 3. " me 
1 17, a3 ? , 2% —“Girth-ri ” di aving no retarding rivet heads 
| | 6 23°040| 4.731 17.0 | ia Seo oootsy bol 760-0 i ‘ae tics eo ii ag “ "is same ieth seams as 
16 ate eat z2 {500 aaa ‘aa 750.0 fethat cn gre inal seams, but having g : S as 
18] 25,920! 5.32! ; ull-riveted pipe. 
nue 20} 28,800 91 116.0 Bi6)s-s06 15| 216001 039 oe Class 3—“Continuous-interior” pipe, having the interior sur- 
: 25| 36,000] 7.39] 175.0 | 20 28,800! .79| _.88} face unmarred by plate offsets or by projecting rivet heads in 
1 pee Rag oy 25) 36,000) .99! 1.34) either longitudinal or girth seams. Not necessarily described as 
i, ° . 
60| 86,400]17.70| 880.0 | | 50! 72,000| 1.98] 4.8] “smooth.” ; 
| | | For these classes Scobey suggests the following coefficients 
1%4|1.405| 4! 5.7601 0.82 2.60 80} 115,200] 3.18] 11.51 for new pipe: 
6| £6401 1.24| 5.28 | boo 144.000) 3.97] 17.5 Class la, K’s =0.38 for new sheet metal pipe up to three- 
7 10,080] 1.44 7.3 | a 230,400! 6.36) 41.5 sixteenths of an inch thick. 
+ 31.598 s ay | ate 238.0001 7.95 B 4 Class 1b, K’s=0.44 for new plate metal pipe on three- 
9} 12,9 ; 32. .93] 135. . ae . . oe natal 
| 10) 14,400) 2.06] 142 400} 576,000115.90| 225.0 ——— to seven-sixteenths of an inch thick, with either tap 
| 13) 17,280} 2.48] 19.8 on 720,000/19.88] 340.0 or cylinder joints. half 
Class 1c, K’s = 0.48 for new plate metal pipe from one-ha 
3. 20! ,890] 0.62 49) , ; } a 
| rH a ie .3 He das -~ 25} Hg ted at os inch up, with either taper or cylinder joints, and for plate from 
| 18] 25,920! 3.72] 42.0 | | 30! 43,200! .93/ 1.04) one-fourth to seven-sixteenths of an inch thick when butt- 
| 20) 28,800] 4.13] 51.0 | 1 50) 72,000! 1.55! 2.68 jointed. 
| 22] 31,680 4.551 61.0 | 3a 115,200] 2.49) 6.4 Class 1d, K’s=0.52 for new butt-strap pipe of plate from 
24| 34,560] 4.96] 72.0 {208 144,000 3.11) =i one-half inch up. 
| | 38 40,320 ea 980 ms ene a Class 2d, K’s = 0.34 for new girth-riveted pipe. This includes 
’ -f oO. s= 
|! ! a 43,200) 6.20) 108.0 | 1200) pany br bry all sheet and plate metal pipe with continuous seamed lognitudi- 
| 32) 50,400! 7.24|-135.0 | oo 576.000112.46! 124.0 nal joints but with girth joints, particularly field joints, made 
| 40| BY. 600 1e2] 176.0 {500) 720,000/15.58 187.0 with the usual rivet heads inside the pipe. 
| | 75| 108;000/15.51| 562.0 ||5 14.548] 30! 43,200] 0.59! 0.34 Class 3, K's = 0.32 for new continuous-interior pipe. This 
100! 144,000/20.69! 960.0 | | 40! 57,600! .79 58] class comprises all type of sheet and plate metal pipe that offer 
2 i 780 6! 8,640| 0.77| 1.66 | | Sol 143’ soal uae eu a practically uniform interior surface of relative smoothness. 
r |, S| 11,520! 1.03! 2:82]] | | | , ’ ; “Continuous-interior” is offered as descriptive of an interior 
10] 14,400 1.28! 4.30 1100! 144,000] 1.97] 3.15) surface unbroken by rivet heads or appreciable shell- thickness 
1160! 230,400! 3.16] 7.7 7 PP > 
13) 17,280) 1.64) 6.0 30,400) 3. , offsets. Use of the apparently obvious synonym “smooth” has 
| | a4 30.160) +80 ioe 200) 288,000] 3.95! 11.5 ene been avoided, as this description might hold only 
16| 23,040] 2.06 4 while the pipe is new. 
| Ino! $7’ ool +32 3 Nore: Although Scobey confines his paper to the discussion 
| i500 720.000! 9.87] 61.8 of sheet and plate metal pipe, Classes 2 and 3 also apply to 
oie I 1750!1,080,000/14.81/ 131.0 | seamless pipe as well as to lap-weld, hammer-weld, and electric- 
*Pipe lined with a highly resistant cement-base composition Weld pipe. 
lining.—E4. ie * It should be noted that the coefficients (K’s) given above 
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are for new pipe. Concerning the deterioration of carrying 
capacity with age, Scobey states: 

“It has long been appreciated that all metal pipe deterio- 
rates in carrying capacity; the rate of decrease being de- 
pendent on the efficiency of the pipe coating, the composi- 
tion and treatment of the pipe material, and the activity of 
the water conveyed in the pipe. Filtered and treated water 
causes less deterioration than raw water. Long lines deterio- 
rate more rapidly at the upper ends than at the lower ends. 
“So far as available data indicate, the increase in the value 
of Ks with age, is expressed by the formula: 

Ks= K’ se%5t 
where e = Base of Naperian logarithms (2.7183). 
t = Age of pipe in years. 
When ¢ is zero, then Ks becomes K’s.’ 

[Note: Tables showing various values of Ks and correspond- 
ing losses of head at various velocities and also values of v*° 
have had to be omitted. For a copy of these address National 
Tube Co., Pittsburgh, Pa., asking for Technical Bulletin No. 21. 
—Ed.] 

Fig. 36, which was taken from United States Department of 
Agriculture Technical Bulletin No. 150, will be found useful 
in making estimates and preliminary studies. It gives the rela- 
tion between discharge, pipe diameter, velocity, and loss of head 
for various values of the coefficient Ks. Values of Ks for ages 
of 0 to 50 years corresponding to various values of K’s are 
also given. 

The lower age diagram on the chart is based on the formula 
Ks= K’se*™t and is to be used for aggressive waters. The 
upper age diagram is based on the formula Ks= K’se°®™* and 
is intended for use where the waters are known to be non- 
aggressive. 

The following example will illustrate the method of using this 
chart : 
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Fig. 36— Chart Showing Relation Between Discharge Pipe 
Diameter, Velocity, and Loss of Head for Various Values of 
the Coefficient Ks and Ka: in Scobey Formula 


Table 21 


Special Losses of Head in Terms of v’/2g (From Hydraulics, 
by Ernest W. Schoder and Francis M. Dawson—Second 
Edition, 1934, with Modifications) 








: : Loss of head as 
Nature of special resistance decimal or multiple 
of »2/2g* 
Entrance 
Square-edged entry. Upstream end of pipe perpendic- 
ular to, and flush with inside face of reservoir wall 0.50 
Projecting pipe at entry or re-entrant pipe end....... 1.00 
I on 5.s0o no paeies ee eNesenceesetesuen 0.02 to 0.05 
Curves and Fittings 
Easy curves or bends of very large radius, and smooth 
inside, of same inside diameter throughout as the 
ipe line. F ; 
xcess loss over same length of straight pipe...... 0.05 to 0.15 
90-degree curves, fairly smooth, same inside diameter 
as pipe; , . ; 
Radius of center line=diameter of pipe........ ae 0.50 
Radius of center line=2 to 8 times diameter of pipe 0.25 
90-degree common: screw end pipe elbows, short turn, 
ee, rr eee 0.75 
Tees, common screw end, full-size branch, flow devi- 
ated 90 degrees..:......... GALLE IEE LAE TE 1.50 
Square elbow (intersection of two cylinders, corner not 
rounded at outside or inside of curve.).:.......... 1.25 
Obtuse-angled elbows, (deflection of pipe less than 90 
degrees); multiply values for square elbow or 90- 
PR deflection, degrees\ 2 
“a y 90 degrees 
Water Meters (Subject to much variation) 
eg ere 3.4 to 10 
Rotary type (star or cog-wheel-shaped disk as piston) 10 
Reciprocating piston type (like a piston pump)....... ; 15 
Turbine-wheel type (double flow, balanced).......... 5to7.5 
Diaphragm and Orifice Meters 
Diaphragm of thin material across pipe, with concen- 
tric hole, or an inside projecting washer or gasket, 
or a “‘burr’’, due to cutting pipe with a wheel 
cutter: F . 
Diameter of hole=o.91 Xdiameter of pipe......... 0.34 
Diameter of hole=o.80Xdiameter of pipe......... 1.88 
(Note that v?/2g in this particular case refers to 
pipe, not to the area of opening, nor to the con- 
tracted stream through opening.) 
Nozzles 
Nozzles: when the coefficient of velocity and discharge 0.02 to 0.05 (Where 
ranges from 0.99 to 0.975, the loss of head ranges 2 is the velocity of 
NN Hees iviwanessbeeonas Wansoubnsouosanreetecuts the issuing jet) 














*Note: Except where otherwise noted, v is the mean velocity in the pipe. 


Assume that it is desired to know what conditions will pre- 
vail in a pipe line constructed of full-riveted pipe (Class 1b) 
after carrying aggressive waters for a period of 25 years. 

From page 45 the coefficient Ks for new pipe of Class 1b is 
found to be 0.44. On the lower age diagram follow the diagonal 
line representing Ks= 0.44 (at 0 age) until it intersects the 
horizontal line representing an age of 25 years. From this point 
of intersection proceed vertically on the dashed line (which 
represents Ks = 0.64) until it intersects the slope line of 1 foot 
per 1000 feet of pipe. From this point follow the guide lines to 
the vertical base line. Using this point (marked on the chart 
by a circle) as a pivot, a straight edge will give simultaneous 
values of discharge (Q) diameter (D or d) and velocity (v). 
This is illustrated by dashed lines for 20 feet and 4 feet inside 
diameter pipe. The dashed line through the pivot point and the 
point representing pipe of 20 feet inside diameter shows that a 
discharge of 2250 cubic feet per second and a velocity of 7.2 
feet per second can be expected. The other dashed line through 
the pivot point and through the point representing pipe 4 feet 
inside diameter indicates a discharge of 36 cubic feet per second 
and a velocity of 2.8 feet per second. 


Special Losses of Head 


Curves, elbows, tees, meters, enlargements, contractions, etc., 
in a pipe line cause losses of head, which, if of consequence, 
must be allowed for in addition to the loss of head ordinarily 
encountered in straight pipe of uniform cross section. 

Special losses may be expressed as equivalent lengths of 
straight pipe which would cause the same loss of head, or as 
decimals or multiples of v*/2g, where v is the mean velocity in 
the pipe. For any particular special fittings, experiments show 
that the loss of head is not in all cases a constant fraction of 
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Table 21—Concluded 
Special Losses of Head in Terms of v’/2g 








; ; Loss of head as 
Nature of special resistance decimal or multiple 
of 92/2g* 
Venturi Meter Tubes 
Venturi meter tubes: the loss of head occurs mostly in 
and downstreamwards from the divergence, the 
loss between upstream end and throat being only 
0.03 to 0.06 Xv2/2g, where v is the throat velocity. 
The total loss through the meter is: ve 
For total angle of divergence= +5 degrees....... 7° 10| Where » is 
1 1 { the throat 
For total angle of divergence= +15 degrees...... 3% 6 velocity 


(The lower values go with large throats, and the 
larger values with small throats whose diameter is 
from 4 to % the diameter of the pipe.) 


Sudden Enlargement 


Sudden enlargement, from a small pipe ending abrupt- 
ly where a larger pipe begins, is found to involve 
loss of head fairly close in accordance with Borda's 
Formula which is: 


eg, \s 
Loss of head = (%1—*2)" 
2g 
(Note that this is not the difference of the velocity 
heads, but is the head corresponding to the differ- 
ence of the velocities.) 
The above-stated formula may be written: 
A,\2,2 
Loss of head =( 1—-—* *1 or for a circular 
A 2 2g 
or square pipe: 


d, 2i2 2 
Loss of head = (7) | x & where Aj, 
d, 28 


yp, and d, refer to the smaller upstream pipe, 
while the subscript 2 refers to the larger down- 
stream pipe. 


Sudden Square-Edged Reductions 


Sudden square-edged reductions in pipes. When the 
sudden reduction of pipe is very large, say 
d,/d,=0.1, the loss of ‘head is practically as given 
for Square-edged entry, i.e., loss of head =0.4003/2g. 
For smaller reductions the value of K is smaller, 
but the experimental data of Weisbach (1855) and 
Brightmore (1907) do not agree. For ratios d2/d, = 
0.5, 0.75, and 0.9 the value K is about 0.33, 0.20 and 
0.08, respectively. In this case the subscript 2 refers 
to the smaller downstream pipe, and K is the factor 
which, multiplied by v3/2g, gives the loss of head. 














*Note: Except where otherwise noted, the » is mean velocity in the pipe. 


v’*/2g, but that the fraction varies somewhat with the velocity. 
For most practical purposes, however, the values given in 
21 may be relied on as safe average values. 


Water Hammer 


When a valve in a water line is closed while the water is 
flowing, the velocity of the water upstream from the valve is 
reduced and a dynamic pressure is exerted in addition to the 
normal static pressure. This dynamic pressure, commonly called 
“water hammer,” is the result of the transformation of the 
kinetic energy of the moving mass of water into pressure energy 
which expends itself (unless relief devices are provided) by 
compressing the water and stretching the pipe walls. When a 
valve is closed suddenly, the magnitude of the dynamic pressure 
produced is frequently much greater than the static pressure 
on the line, and may cause fracture of the pipe or fittings. 

Starting at the suddenly-closed valve, a wave of increased 
pressure is transmitted back through the pipe with constant 
velocity and intensity. When the pressure wave has traveled 
upstream to the end of the pipe, where there is a reservoir or 
large main, the elasticity of the compounded water and of the 
expanded pipe reverse the flow and a wave of normal pressure 
travels downstream, the flow being progressively reversed as the 
water expands. 

If the water were incompressible and the pipe inelastic, the 
instantaneous closure of the valve would create an infinite pres- 
sure. Since it is impossible to close a valve instantaneously, it 
is apparent that a series of pressure waves is created, causing 
an increased pressure at the valve. If the valve is completely 
closed before the first pressure wave has time to return to the 
valves as a wave of low pressure, the pressure increases con- 
tinually up to the time of complete closure and the resulting 
pressure is just the same as if the valve had been instanta- 





neously closed. The velocity of the pressure wave depends upon 
the ratio of wall-thickness to inside pipe diameter and on the 
modulus of elasticity of the water and of the pipe material 
according to the formula: 

12 


S= 
/ =f 1 d 


The head due to water hammer in excess of normal static 
head is proportional to the destroyed velocity and to the velocity 
of the pressure wave along the pipe. Since the intensity of the 
excess head depends upon the destroyed velocity, the same 
excess pressure is produced by suddenly reducing the velocity 
from 6 to 3 feet per second, as by entirely stopping a velocity 
of 3 feet per second. The excess head due to water hammer js 
given by the formula: 


12v 








h= 


w 1 ‘ d 
9 9 Ew Ent 


where S= Velocity of pressure wave along pipe in feet per 
second. 
w= Weight of water in pounds per cubic foot. 
h = Head due to water hammer (in excess of static head). 
g = Acceleration of gravity. 
t = Wall-thickness of pipe in inches. 
d = Inside diameter of pipe in inches. 
Ep = Modulus of elasticity of pipe material in pounds per 
square inch. 
Ew = Modulus of elasticity of water in pounds per square 
inch. 
v = Destroyed velocity in feet per second. 
By inserting values for g, w, Ew and Ep the two formulas 
may be simplified. Thus, if 
g = 32.174 feet per second per second. 
zw = 62.4096 pounds per cubic foot (at 50° F.) 
Ew = 300,000 pounds per square inch. 
Ep = 29,000,000 pounds per square inch (for steel pipe) 
the formulas reduce to: 











s= 4720 
d 
/ + .0103 — 
t 

lene 147 v 





d 
4/ 1+ 0103- 
t 


If the flow is not checked rapidly, so that the wave from the 
first movement of the valve has time to travel upstream to the 
end and back again several times while the valve closing is in 
progress, the excess pressure is greatly reduced. Therefore, it is 
advisable to use slow closing valves or to provide air chambers 
or surge tanks in the line to absorb the shock due to water 
hammer. 


Measurement of Flowing Water 


Pitot Tubes 


Pitot tubes are used to measure the velocity of flowing water. 
Such a tube consists essentially of a vertical tube, the lower end 
of which is bent at 90° so that its open end is directed against 
the current. The velocity of the flowing water causes the water 
to rise in the vertical leg of the pitot tube a distance above the 
free surface of the stream equal to the velocity head. 

When a pitot ‘tube is inserted into a pipe carrying water 
under pressure, the water will rise in the vertical leg of the 
tube a distance equal to the sum of the pressure head and the 
velocity head at the point where the tube is inserted. If a 
piezometer tube is tapped into the wall of the pipe at substan- 
tially the same point, the water will rise in this tube a distance 
equal to the pressure head at that point. The difference in the 
levels of the water in the two tubes will therefore be equal to 
the velocity head in the pipe at the point where the tubes are 
inserted. Fig. 37 shows such an arrangement. The height of 
the water in the pitot tube is equal to the sum of the pressure 
head, hp, and the velocity head, hv. The height of the water 
in the piezometer tube is equal to the pressure head, hp. The 
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Fig. 37—Pitot Tube 


difference in the height of the water in the two tubes is there- 
fore equal to the velocity head, hv. 

Mercury columns or manometers may be used, instead of the 
water column, to determine the pressures. 

In order to determine the discharge by use of a pitot tube, 
the cross section of the stream or pipe must be divided into 
one or more known areas, the velocity for each found, and 
hence the mean velocity of the entire cross section. The dis- 
charge is then found by multiplying the cross-sectional area 
by the mean velocity. In a straight length of pipe which extends 
upstream about 50 diameters from place of measurement with- 
out tees, valves, etc., the distribution of velocities is normal. 
Where normal distribution of velocities prevails, the ratio of 
mean velocity to center velocity (called the pipe coefficient) 
averages about 0.83. 


Venturi Meters 


The Venturi meter was invented by Clemens Herschel and 
was named by him for the inventor of the principle involved. 
It may be used to measure the discharge of water or other 
fluids contained in pipes which run full and under positive 
pressure. 

The Venturi tube consists of a converging cone of steep 
taper, a diverging cone of more gradual taper, and a short 
cylindrical section called the throat, which connects the two 
cones at their smallest diameters. The essential parts of a 
Venturi meter are shown in Fig. 38. In this figure 4; represents 
the pressure head in the pipe upstream for the Venturi meter, 
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Fig. 38—Venturi Meter 


h, the pressure head at the throat, and jis the pressure head in 
the pipe downstream from the Venturi meter. The difference 
between fi and hs is hf and is the loss of head due to friction 
in the Venturi tube. The loss of head in a Venturi tube is 
usually quite small (see Table 21). Where the recovery of 
pressure is not important the converging cone may be very 
short or may even be omitted, forming a Venturi nozzle. 


Since the quantity of water flowing past any cross section of 


the tube is the same at any instant, the velocity at the small 
cross section of the throat will be greater than in the large 


cross section of the pipe upstream from the Venturi tube. 

This greater velocity in the throat is obtained at the expense 
of the pressure head, so that hz is less than Ji. The dotted line 
in the figure represents the approximate hydraulic grade line 
and indicates the loss and recovery of pressure from hf, to hs. 


The relation between the flow through a Venturi tube and 
the difference in pressure between the inlet and throat is given 
by the formula: 


2gha_ : Zaha 
0= Cory /——"T5 (ay Led 44/1 [ Dy Ds 
A, (i 7 
where Q = Discharge in cubic feet per second. 
D, = Inside diameter of pipe in feet. 
D2 = Inside diameter of throat of Venturi tube in feet. 
A, = Cross-sectional area of inside of pipe in square feet. 
Az = Cross-sectional area of inside of throat of tube in 
square feet. 
g = Acceleration of gravity = 
second. 
ha = Differential head in feet of water = hi — ho. 
‘y = Discharge coefficient of Venturi tube which varies 
from about 0.95 to 0.995. 

The pressure differences (i4:1—h2) may be measured by a 
simple glass U-tube containing mercury. Commercial Venturi 
tubes are usually provided with two annular chambers connected 
by vents with the inlet and throat, respectively, to obtain correct 
average pressures at these points. Various types of indicating, 
recording and integrating meters may be obtained for use with 
commercial Venturi tubes. 


32.174 feet per second per 


Pipe Orifices 


Orifices in diaphragms inserted between pairs of flanges in 
straight portions of pipe lines have been found to be reliable 
measuring devices. The diaphragms are usually of thin non- 
corrodible metal and the orifices are accurately machined to 
size and beveled on the downstream side to keep the working 
edge thin. 

Fig. 39 shows the essential parts of such a device. Two 
piezometer tubes are attached to the line, one at a distance of 
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Fig. 39—Pipe Orifice 











136 








WATER WORKS AND SEWERAGE DATA 








one pipe diameter upstream and the other one-half pipe diameter 
downstream from the plate. Either a differential gage, as shown 
in the figure, or open water columns may be used, depending 
upon the pressure. The rate of flow is a function of the differen- 
tial pressure as indicated by the formula: 


2gha 


. 2gha 
0 = Coty" (ay =0ot 4/7= (Ds 
D; 


rs ) 
O = Discharge in cubic feet per second. 
D, = Inside diameter of pipe in feet. 


where 













































diameter of the pipe. The loss of head in the pipe Orifice js 
quite large and it is less reliable than the Venturi meter. 
Water Power 

The total available power of flowing water is given by the 
formula: 
OQwH 
550 


H.P.= Horse Power. 
Q = Discharge in cubic feet per second. 


H.P.= = 0.113472 QH 





where 


















































D;= Diameter of orifice in feet. ’ H = Total available head in feet. 
A, = Cross-sectional area of inside of pipe in square feet. w= Weight of one cubic foot of water (at 50° F. — 
A, = Cross-sectional area of orifice in square feet. 62.4096 pounds). 
g = Acceleration of gravity = 32.174 feet per second per The total head may be made up of velocity head, pressure 
second, — : head, and potential head, or head due to actual height above 
ha = Differential head in feet of water = fi, — hz. the datum plane. Fig. 40 illustrates the three components of 
Co = Discharge coefficient = about 0.606 for D2/D: from the total head. 
0.10 to 0.75. The value of the velocity head is given by the expression; 
Uv 
' ‘ hv =— 
2 | where hy = Velocity head in feet. 
h v = Mean velocity in feet per second. 
v . . 
g = Acceleration of gravity = 32.174 feet per second per 
| second. 
—+—}- Table 22 
é Horsepower for Various Heads of Water 
Horse power for 1 cu. ft. of water per second under heads of 
1 to 2,000 ft. Based on an efficiency of 80 per cent and weight 
of water at 50°F. = 62.4096 Ib. per cubic foot. 
hp (Horse power per cubic foot of water per second = 
w 62.4096 x 0.80 x H 
~~ = 0.0907776 H). 
550 
Head Head Head Head 
= : Horse Horse : Horse : Horse 
in power in oy power in ict power ina power 
>... -_ af 
4 I 0.0907776} 170, 15.4322 420 3.1266 925 83.9693 
Direction of flow 2 181555 180 16.3400 430 39.0344 950 86.2387 
3 -272333 190 17.2477 440 39.9421 975 88. 5082 
4 - 363110 200 18.1555 450 40.8499 1000 90.7776 
5 . 453888 210 19.0633 460 41.7577 1050 95.3165 
6 544666 220 19.9711 470 42.6655 1100 99.8554 
7 635443 230 20.8788 480 43.5732 150 104.304 
8 . 726221 240 21.7866 490 44.4810 1200 108 .933 
9 .816908 250 22.6044 500 45.3888 1250 113.472 
he 10 -907776 260 23.6022 525 47.0582 1300 118.011 
20 1.81555 270 24.5100 550 49.9277 1350 122.550 
30 | 2.72333 280 25.4177 575 52.1971 1400 | 127.089 
40 3.63110 290 26.3255 600 54.4666 1450 131.628 
50 4.53888 300 27.2333 625 56.7360 1500 136.166 
60 5.44066 310 28.1411 650 59.0054 1550 140.705 
70 | 6.35443 320 29.0488 675 61.2749 1600 | 145.244 
Datum plane 80 7.26221 330 29.9566 700 63.5443 1650 149.783 
90 5. eee 340 30.8644 725 ppd 1700 St 
ia 100 9.0777 350 31.7722 750 .0832 1750 158.501 
Fig. 40—Total Head 110 | 9.98554 360 32.6799 775 70.3526 || 1800 | 163.400 | 
sa se ; ; . . 120 |10.8933 370 33.5877 800 72.6221 1850 | 167.939 | 
[he orifice should be placed in a straight section of hori- 130 |I11. 8011 380 34.4955 825 | 74.8915 | 1900 172.477 
zontal or vertical pipe and should be located as far as possible a ae = | mae pa pe a | 
from bends, fittings, and valves. The diameter of the orifice 160 |14.5244 410 37.2188 900 =| 81.6908 cece! Makai 
should not be greater than 75 to 80 per cent of the inside 
Table 25—Pressure Equivalents 
Pounds Pounds Kilograms Inches of Feet of Feet of 
Units per square per square per square | mercury at water at water at | Atmospheres 
inch foot centimeter a F. 39.2° F. 62° F. 
I pound per square inch = 2. 144. 0.0703067 2.0360 2.30671 2.30934 0.068044 
I pound per square foot = 0.0060444 ¥. 0.0004882 0.014139 0.016019 0.016037 0.0004725 
I ounce per squareinch _ =| 0.0625 9. 0.0043942 0.12725 0.144169 0.144334 0.0042528 
1 kilogram per squarecentimeter =| 14.2234 2048.17 om 28.9582 32.8092 32.8467 0.967820 
I kilogram per square meter = 0.0014223 0.204817 0.0001 0.0028958 0.0032809 0.0032847 9.678 X 10-5 
1 inch of mercury at 32° F. =| 0.49117 70.7285 0.034533 I. 1.13299 1.13428 0.033421 
1 inch of water at 39.2° F. =| 0.036127 5.20222 0.0025399 0.073552 0.083333 0.083428 0.0024582 
1 inch of water at 62° F. =| 0.036085 5.19628 0.0025370 0.073468 0.083238 0.083333 0.0024554 
1 foot of water at 39.2° F. = 0.43352 62.4266 0.030479 0.88262 z. 1.00114 0.029498 
1 foot of water at 62° F. =| 0.43302 62.3554 0.030444 0.88162 0.99886 Zz. 0.029465 
I atmosphere =| 14.6963 2116.27 1.03325 29.9210 33.9001 33.9388 2. 















































WATER WORKS AND SEWERAGE DATA 





Table 26—Rate of Flow Equivalents 





















































U Ss U Ss. British . 
Units Cubic feet Cubic feet gallons gallons — — . — Somat 
per second ! per minute per per = oulemin Peel 24 hours 
minute 24 hours  . 
1 cubic foot per second =/ I. 60. 448.831 646 317. 373.729 1698.98 0.082645 «| 1.98347 
1 cubic foot per minute =| 0.016667 z. 7.48052 10 771.9 6.22882 28.3163 0.0013774 | 0.033058 
1 U. S. gallon per minute =| 0.0022280 | 0.13368 z. 1440. 0.83267 3.78533 | 9.0001841 , | 00044192 
1 U.S. gallon per 24 hours =| 1.547X10-| 9.283X10-5 0.00069044 s. 0.0005782 0.0026287| 1.279X10-"| 3.069X10-5 
1 British Imperial gallon 
per minute =| 0.0026757 0.16054 I. 20005 1729.37 2. 4.54601 | 0.00022II | 0.0053072 
1 liter per minute =! 0.0005886 0.035315 0.26418 380.416 0.21907 ¥. 4.864X10> | 0.001167 
1 acre-foot per hour =|12.1 720. 5430.86 7820 434. 4522.13 20 557.6 3. 24. 
1 acre-foot per 24 hours =] 0.50417 30.25 226.286 325 851. 188 . 422 856.567 0.041667 s. 
Table 26—Volume and Capacity Equivalents 
United British . , 
Units States lmperial Liters Cubic Cubic Acre-feet 
feet inches 
gallons gallons 
1 United States gallon a] (f. 0.832672 3.78533 0.133681 231. 3.069 X 10-6 
1 British Imperial gallon =| 1.20005 = 4.54601 0.160544 277.420 3.686 X 10-6 
1 liter = 0.264177 0.219973 z. 0.035315 61.0250 8.107 X 10-7 
1 cubic foot =| 7.48052 6.22882 28.3163 : 1728. 2.296 X 10-5 
1 cubic inch =| 4.329107 3.605 X 10-3 0.016387 5-787 X 10-4 : 1.329 X 10-8 
1 acre-foot = 325 851. 271 328. I 233 456. 43 560. 75 271 680. - 
1 inch deep on I acre ; = 27 154.3 22 610.6 102 788. 3 630. 6 272 640. 0.083333 
1 inch deep on 1 square mile =| 17 378 743. 14 470 801. 65 784 344. 2 323 200. | 4 014 489 600. | 53.3333 
1 meter deep on 1 hectare - 2 641 705. 2 199 675. 9 909 734. 353 145. 610 233 780. 8.10708 
1 centimeter deep on I square meter = 2.64171 2.19907 9.99973 0.353145 610.234 8.107 X 10-5 
1 pound of water at 39.2° F. = 0.11983 0.099778 0.45359 0.016019 27.6805 3-677 X10-7 
1 pound of water at 50° F. = 0.11986 0.099806 0.45372 0.016023 27.6880 3.678 X 10-7 
1 pound of water at 62° F. = 0.11997 0.099892 0.45411 0.016037 27.7121 3.682 X 10-7 
I t S. gallon per minute for 24 hours =| 1440. 1199.05 5450.88 192.5 332 640. 0.0044192 
1 cubic foot per minute for 24 hours =| 10 771.9 8 969.50 40 775.4 1440. 2 488 320. 0.033058 





























The pressure head is given by the expression: 
a 


hp = 
w 
where hp = Pressure head in feet. 
P = Pressure in pounds per square foot. 
The potential head or head due to height above the datum 
plane is he feet. 
The total head, H, is therefore: 
H = ho + hp a he 
or 
V2 FP 
H =—_— oh —_ a he 


29 w 


In any stream flowing steadily without friction, the total head, 
and the total amount of energy per unit of water, is the same 
at every point in the path of flow. This principle, which is 
in reality the law of conservation of energy applied to flowing 
water, is known as Bernoulli’s Theorem. 








Table 22 gives the horse power for one cubic foot of water 
per second, under heads of 1 to 2000 feet, based on an efficiency 
of 80 per cent. The method of using this table is illustrated 
by the following example: 

Determine the horse power which can be developed by a flow 
of 60 cubic feet per second under a head of 200 feet. 

From the table the horse power for a discharge of one cubic 
foot per second under 200 feet head is found to be 18.1555. 
The horse power for a discharge of 60 cubic feet per second 
under 200 feet head is then: 

60 x 18.1555 = 1089.33 horse power. 


When the exact head is not given in the table the horse power 
may be found by multiplying the horse power for one foot 
head and one cubic foot per second (0.0907776) by the head in 
feet and then by the discharge in cubic feet per second. For 
example, the horse power which can be developed by a dis- 
charge of 45 cubic feet per second under a head of 105 feet 
will be: 

0.0907776 « 105 « 45 = 428.92 horse power. 
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TABLE I.—FLOW OF WATER THROUGH STD. W.I. OR STEEL PIPES IN FAIR CONDITION 


NOTE: For old or rough pipes add 25% to the pressure drop given in the table. Figures in bold face type are for the usually a). 


lowed range of velocities, 2.0 to 10.0 ft. per sec. Figures marked thus * are for 5.0 ft. per sec. velocity (approx.). 


Discharge 
Gallons 
_Per Min. 


550 
~~ 600 
~ 650 
700 
750 
800 
850 
~ 900 
950 
1,000 
“1,100 
1,200 
1,300 
“1,400 
“7,500 — 
1,600 
“1,800 
2.000 
“2.500 
“3,000 
“3.500 
~ 4,000 
~ 4,500 
“5,000 
“6,000 
“7,000 
“8,000 
~9,000 
10,000 
12,000 
14,000 
15,000 
16,000 
18,000 
20,000 
22,000 — 
24,000 
25,000 
30,000 
35,000 








PRESSURE DROP, POUNDS PER SQ. IN. PER 1000 FT. OF PIPE 


(1.0 Lb. per Sq. 


In. = 2.30 Ft. of Water) 
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RESISTANCE OF VALVES AND FITTINGS TO FLOW OF WATER* 


When the flow of a fluid in a pipe line is altered by some pressure drop may be insignificant in long lines where it is 
obstruction such as a valve or fitting, the velocity is changed, very small in comparison to the total drop, but when the line 
turbulence is magnified and a drop in pressure results. This is short the pressure drop through valves and fittings becomes 


? 
EXAMPLE: THE DOTTED LINE SHOWS THAT] 


NOTE: FOR SUDDEN ENLARGEMENTS 
THE RESISTANCE OF A 6 STD.SHORT RADIUS] ' 


OR CONTRACTIONS, USE THE SMALLER 
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Fig. 16—Resistance of Valves and Fittings to Flow of Fluids ;i\f'MM US). t 























WATER WORKS AND SEWERAGE DATA 141 








——— 


4 major item in the total pressure drop value. 

The most widely used data on the subject of the resistance of 
valves and fittings to the flow of water and steam is the infor- 
mation given in Dean Foster’s paper on “Effect of Fittings on 
Flow of Fluids Through Pipe Lines” published in Vol. 42, 
1920, of the Transactions of the American Society of Mechan- 
ical Engineers. Recently, tests conducted by others have indi- 
cated that the values given by Foster are low for globe valves, 
angle valves, etc., and that data is needed to establish the cor- 
rect information to use. It has been the tendency, and probably 
is the most practical way, to present the friction values in terms 
of an equivalent length of the same size of pipe; ie. the 
pressure: drop caused by a 2-inch elbow is equivalent to approxi- 
mately the pressure drop caused by five or six feet of 2-inch 
pipe under the same conditions of flow. 

Realizing the need for definite data covering this subject, 
Crane Co. has recently conducted pressure drop tests on valves 
and fittings on both water and steam. These tests were made 
on 2 inch and 6 inch sizes and conducted under conditions 
which were thoroughly investigated previous to the tests. The 
results of these tests are presented herewith together with a 
description of the method used in conducting them. 

[Note-——Water and steam can be treated comparatively and 
a relation can be established between the relative friction values 
of water and steam. Foster has stated that the equivalent 
length of pipe for steam flow is about 8 of that established 
for the flow of water.] 


Friction Losses of Water Line Valves and Fittings 


The tests for determining the pressure drop of valves and 
fittings installed in a water line were made in the following 
manner : 

A flow nozzle was installed in a 3 in. test line leading from 
the bottom of a 1,000 gallon water tank. A mercury manometer 
was set across this nozzle and the relation of mercury deflection 
to the gallons of water per minute flowing through the pipe 
was determined. The flow through the pipe was thereafter 
noted only in terms of mercury deflection which was readily 
transposed into gallons per minute by reference to the cali- 
bration chart. 

The valve or fitting to be tested was placed in the line at 
some distance from the flow nozzle and the flow water through 
it was regulated by a throttling valve situated at the outlet of 
the line. The pressure drop was measured by means of a mer- 
cury manometer, or where the deflection was too great, by two 
sensitive low pressure gages, the leads of which were situated 
in the test line at a distance of ten pipe diameters (20 in.) 
from each end of the valve or fitting on test. The initial 
pressure at the inlet of the test line was kept constant at 80 
pounds per square inch and the various rates of flow produced 
by throttling the outlet of the test line. 

After the data was obtained the means of presenting it in its 
best form was investigated. In any pressure drop tabulation, 
the values for the fittings and valves in the line are added to 
the pressure drop of the entire length of line. Therefore, it 
seemed reasonable to disregard the pressure drop caused by 
the length of the valve or fitting and just list the pressure drop 
which was added to the line due to the presence of the article. 

For instance, if a valve 4 in. face to face is installed in 
a line 30 in. long, the actual pressure drop through the valve 
will be the total pressure drop minus the pressure drop caused 
by 26 in. of pipe. However, in a practical problem this value 
will be added to the pressure drop caused by the total length 
of the line which will give a pressure drop value slightly 
higher than the actual. This may not be so noticeable with 
one or two valves or fittings in the line, but where the number 
runs up into 10 or 20 the added drop may be considerable. 

This “No-length” concept was established and has been used 
before with reference to elbows in “The Friction of Water 
in Pipes and Fittings” by F. E. Giesecke, University of Texas 
Bulletin No. 1759. 


Resistance in Terms of Equivalent Pipe Length 


From data given in the tests conducted by Crane Co. and 
also from information gathered from authentic sources, Fig. 
16, has been prepared which gives the equivalent length of pipe 
to produce the same pressure drop as a valve or fitting. This 
additional pipe length should be added to the length of the line 
in order to determine the total pressure drop. 





*From Crane Co.’s ‘‘Engineering Data on Flow of Fluids in 
Pipes”—Technical Bulletin No. 405—1935. Parts dealing with 
steam pressure losses have been omitted.—Ed. ‘ 


The equivalent length of pipe has been based upon the pres- 
sure drop values for the flow of water in pipes and upon the fol- 
lowing coefficients of 

{ H:=Loss of head in ft. 





4 
H: =k { k = Coefficient 
2g | V = Vel. in ft. per sec. 
| 2g = 64.4 
Type Coefficient Authority 
Globe valves........ 10 Crane Tests 
Angle Valve........ Crane Tests 
Return Bend....... 2.2 
{5 Sa eae 18 Giesecke & Bladgett—Texas College 


Short Radius Elbow .9 Giesecke & Bladgett—Texas College 

Med. Radius Elbow _ .75 & Crane tests 

Long Radius Elbow .60 Bulletin No. 2712—U. of Texas. 

Gate Valve (Open) .19 Bulletin No. 252—U. of Wis. (Av.) 
VA Closed CASS 1.15 Bulletin No. 252—U. of Wis. (Av.) 


Y% Closed........ 5.6 Bulletin No. 252—U. of Wis. (Av.) 
es Se 24.0 Bulletin No. 252—U. of Wis. (Av.) 
Borda Entrance..... 83 “Hydraulic” Daugherty (Average) 
Sudden Enlargement 
d/D — \&........ 92 “Hydraulics” Daugherty 
d/D — ¥%........ 56 “Hydraulics” Daugherty 
QD —. Bic ccess 19 “Hydraulics” Daugherty 
Ordinary Entrance... .5 “Hydraulics” Daugherty 
Sudden Contraction 
i i a ee 42 “Hydraulics” Daugherty 
G/D = 3. cvccccs 33 “Hydraulics” Daugherty 
ie eee 19 “Hydraulics” Daugherty 
GS” FIBOR 6 cess os 42 Bulletin No. 2712U. of Texas 


. 
One Method of Eliminating Dead Ends 


A means of eliminating dead ends of water mains where 
there are two types of water service, has been developed by 
Morris R. Sherrerd, Chief Engineer, New Jersey State Water 
Policy Commission. 

The lower part of the illustration shows how by having a 
short gated connection between the two services, and by running 
the main around the block or square without using a cross fit- 
ting, dead ends are eliminated. 
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PUMPS 
DEFINITIONS AND VALUES 


(Adopted by the Hydraulic Society) 


Efficiency, Hydraulic (Symbol e»n).—The ratio of the use- 
ful power delivered in the water at the point of discharge where 
measured to the power delivered to the water by the impeller 
at the point of exit from the impeller. 


Efficiency, Mechanical (Symbol em).—The ratio of the 
water horsepower to the horsepower required to drive the pump. 


_ Efficiency, Overall (Symbol e).—Comprises all the losses 
in the pump and the driver, and indicates the economy of the 
entire unit. 


Head, Total Dynamic (Symbol T.D.H.).—Total dynamic 
head is the vertical distance between the source of supply and 
point of discharge when pumping required capacity, plus fric- 
tion entrance and exit losses. 

Total dynamic head, as determined on test, where suction 
lift exists, is the reading of a mercury column connected to 
the suction nozzle of pump, plus the reading of a pressure 
gauge connected to discharge nozzle of pump, plus vertical 
distance betwen point of attachment of mercury column and 
center of gauge, plus excess, if any, of velocity head of dis- 
charge over velocity head of suction as measured at points 
where the instruments are attached, plus head of water resting 
on mercury column, if any. 

Total dynamic head, as determined on test, where suction 
head exists, is the reading of a gauge attached to the discharge 
nozzle of pump, minus the reading gauge connected to the 
suction nozzle of pump, plus or minus vertical distance between 
centers of gauges (depending on whether suction gauge is 
below or above discharge gauge) plus excess, if any, of velocity 
head of discharge over velocity head of suction as measured at 
points where instruments are attached. 


Total Dynamic Discharge Head is the total dynamic head 
minus dynamic suction lift, or plus dynamic suction head. 


Head, Static (Symbol Hs).—Static head is the vertical 
distance between the free level of the source of supply and to 
the point of free discharge, or to the level of the free surface 
of the discharge water. 


Head, Velocity (Symbol Hv).—The velocity head (some- 
times called “Head due to Velocity”) of water moving with a 
given velocity is the equivalent head through which it would 
have to fall to acquire the same velocity; or, in other words, 
the head necessary merely to accelerate the water. Knowing 
the velocity, we can readily figure the velocity head from the 
simple formula: 


h=— 
2g 


in which “g” is acceleration due to gravity, or 32.16 feet per 
second; or, knowing the head, we can transpose the formula to 


— 


V = V2gh, and thus obtain the velocity. 


The velocity head is a factor both in figuring the total head 
from construction data and testing. 


When estimating the total dynamic head of an installation, 
the head equivalent to the velocity of the water leaving the end 
of the discharge pipe line must be added to the static and 
friction head. 

When testing a pump, certain velocity head corrections must 
be made, depending on the average velocity at the point where 
pressure readings are taken. The customary method of testing 
is to use a mercury column for obtaining the suction lift and a 
gauge to indicate the discharge or suction head, with gauge 
connections at or close to the pump openings. 

The mercury column at the suction will show the dynamic 
suction head at the point of gauge connection. Included in this 
dynamic suction head is the velocity head as represented by the 
average velocity at that point. 

The discharge gauge will show the dynamic pressure head at 
the point of gauge connection. 

The sum of the two gauge readings, corrected to the same 


elevation, will give the total dynamic head produced by the 
pump, provided water flows at the same average velocity at 
the point of attachment of suction gauge as of discharge gauge. 
This condition will exist when suction and discharge openings 
are of equal size. 

If the discharge pipe is of smaller diameter than the suction 
pipe, which is often the case, then it will be necessary to add 
to the total head, as shown by the gauges, the difference jn 
velocity head between that of the discharge and that of the 
suction pipe at the point where gauges are connected. 

If the discharge pipe is larger than the suction pipe, the 
difference in velocity head must be subtracted from the total 
head. 


Velocity ft. per second 1 2 3 4 5 6 7 





Velocity head in ft. 02 06 14 25 39 56 7% 
Velocity ft. per second 8 8.5 9 9.5 10 105 
Velocity head in ft. 10 4 1 «6A 155 17 
Velocity ft. per second 11 = 11.5 12 13 1445 
Velocity head in ft. 187 205 2.24 262 3.05 35 
Horsepower, Brake (Symbol b-hp.).—The actual horse- 
w-hp 
power required at the pump shaft to drive the pump = 
em 


Brake horsepower is not applicable to direct-acting steam pumps. 


Horsepower, Indicated (Symbol i-hp.).—The horsepower 
developed in the steam or liquid end calculated from indicator 
cards. 


Suction Head (sometimes called head on suction) exists 
when the pressure measured at the suction nozzle and corrected 
to the center line of the pump is above atmospheric pressure. 


Suction Head Dynamic, where static suction head exists, 
is the vertical distance from the source of supply, when pump- 
ing at required capacity, to center of pump, minus velocity head. 
minus entrance, friction and velocity losses; but not minus 
internal pump losses. 


Suction head dynamic, as determined on test, is the reading 
of a gauge connected to suction nozzle of pump, minus vertical 
distance from center of gauge to center line of pump. Suction 
head, after deducting the various losses, may be a negative quan- 
tity, in which case a condition equivalent to suction will prevail. 


Suction Head Static exists when the source of supply is 
above the center of pump and is the vertical distance from the 
free level of the source of supply to center of pump. 


Suction Lift.——Suction lift exists when the suction meas- 
ured at the pump nozzle and corrected to the center line of the 
pump is below atmospheric pressure. 


Suction Lift Dynamic, where static suction lift exists, is 
the vertical distance from the source of supply, when pumping 
required capacity, to center of pump, plus velocity head, plus 
entrance, friction and velocity losses, but not including internal 
pump losses; where static suction head exists but where the 
losses exceed the static suction head the dynamic suction lift 
is the sum of the velocity head, entrance, friction and velocity 
losses, minus the static suction head, but not including internal 
pump losses. . 

Suction lift dynamic, as determined on test, is the reading of 
a mercury column connected to suction nozzle of pump, plus 
vertical distance between point of attachment of mercury column 
to center of pump, plus head of water resting on mercury 
column, if any. 


Suction Lift Static exists when the source of supply is 
below the center of pump and is the vertical distance from the 
free level of source of supply to center of pump. 


Viscosity is that property of a liquid which resists any 
force tending to produce flow. Viscosity is a property inde- 
pendent of specific gravity. 
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SOME NOTES ON ELECTRICALLY DRIVEN CENTRIFUGAL PUMPS 


By HOMER E. BECKWITH* 


In the past few years there has been a rapid change from 
steam to electrically driven centrifugal pumps, especially in the 
smaller water works plants. The many advantages of electric 
power are coming to be more and more realized, but unfor- 
tunately in many cases a full knowledge of the nature of cen- 
trifugal pumps does not seem to have accompanied their adop- 
tion. It is economy of the highest order, therefore, to secure the 
advice of a competent engineer before purchasing any centrifugal 
pumping equipment. 

Centrifugal pumps are designed to operate under fixed condi- 
tions, and any appreciable change from design conditions will 
result in decreased efficiency. 

Installations have been found where pumps were working 
against more than the design head, or against less than the de- 
sign head, or with the discharge or suction partly closed to 
control the rate of discharge. Or pumps have been installed 
without knowledge that the friction head is a part of the total 
head against which the pump operates. All of these factors ad- 
versely affect the performance of the equipment to such an extent 
that the cost of efficient machinery is often wasted every few 
months through inefficient operation. Also, accidents can occur 
to equipment in operation which decreases its efficiency. 


For some time the writer has felt that some simple method 
should be available to the average water works operator whereby 
he could check up on his pumps. Table 1 was worked up for 
personal use, but may prove to be of interest. A slide rule was 
used in its preparation, but it should be accurate to a fraction of 
l per cent. With this table, it is believed that the work of secur- 
ing overall wire to water efficiencies will be reduced to a mini- 
mum. Table 1 shows the number of gallons pumped per kilo- 
watt hour against a given head, assuming the motor and pumps 
have efficiencies of 100 per cent. A rough check can be made 
by dividing a month’s pumpage in gallons by the kilowatt hours 
consumed. This gives the number of gallons pumped per kilo- 
watt hour. With the pump running, determine the average total 
head in feet (including suction) against which the pump works. 
From the table secure the number of gallons which would have 
been pumped at the head if the installation were 100 per cent 
efficient. Divide the number of gallons actually pumped per 
kilowatt hour by the theoretical value given in the table. This 
gives the overall wire to water efficiency of the installation. To 
illustrate : 

Assume a monthly pumpage of 18,620,000 gals., a total head 
of 200 ft., and a power consumption of 20,000 kilowatt hours. 
Dividing 18,620,000 by 20,000 we get 931 gals. per kilowatt hour. 
For 100 per cent efficiency the tables indicate that the discharge 
would be 1,592 gals. against a head of 200 ft. Dividing the 
actual discharge per kilowatt hour by the theoretical value we 


931 
have: 





= 58.5 per cent overall efficiency. 


A more accurate method of making the tests is to measure the 
power input for an hour, or other convenient period of time. 
During this period measure the output of the pump with a 
pitometer, or any other suitable main line meter. Keep a close 
record also of the discharge pressure and of the suction. The 
integrations on most electric meters in pumping stations cannot 
be read closely enough for short tests. However, the power com- 
pany will furnish the number of watts consumed for each revo- 
lution of the disk, and by counting its revolutions for 10 or 20 
minutes the rate of power input can be closely ascertained. Or 
the power company might measure the power by means of special 
equipment. Where more than one pump is taking power through 
the master meter at the same time, this latter method is the only 
feasible one. 

To enter the tables, the total head in feet must be secured. If 
the pressure gauge reads in pounds, transfer the pressure to feet 
by multiplying the pounds of pressure by 2.31. The suction will 
probably be expressed in inches of mercury. Change this to feet 





*The Pitometer Co., New York City. 
'From WATER WorKs AND SEWERAGE. 


of water by multiplying by 1.13. Also measure the vertical 
distance between the center of the pressure gauge and the point 
of suction measurement. The total head then becomes the addi- 


tion of: 
Drscrarie ovessare, 10: TOE oc océciccvsscsecannancieen 
NI, OR GE iss bcine wind See oie die seak teeesbannebaree 


Vertical distance pressure gauge (Is above point 
of suction measurement), feet 


Velocity head has been ignored, as it is a small factor for the 
relatively high heads which usually exist in water works opera- 
tion. 

If water is delivered to the pump under pressure, then the 
pump works against a head equal to the difference between the 
discharge pressure and the inlet pressure. 

From the data secured during the test, determine the gallons 
delivered per kilowatt hour. As before, divide this by the theo- 
retical value secured from the table for the head against which 
the pump worked. This gives the overall wire to water efficiency 
of the installation. 

As an example, let us assume an installation where we secured 
the following test data: 


a Se IN oo 545 cic ancescenweler omen ted 90.0 
TRREO OF GIPGONGO. 6 ccccccccccccsccccsccveveccesOh ae San Ser how 
Number of gallons delivered per k.w.h......... 572 





Table I—Gallons of Water Delivered per Kilowatt Hour Against 
Various Heads on Theoretical Assumption That Pump 
and Motor Are 100 Per Cent Efficient 


H = head in feet. G = gallons per kilowatt hour 
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WATER WORKS AND SEWERAGE DATA 








ets eee e es ahhh ones new ee ee beet 146 lb. or 337 ft. 
re ain Ce nin i a hE weak hee 6 PRESS e 15 in. or 17 ft. 
Difference in gauge elevation ........eeeeeeeee > 1 ft. 
I ie re a hi Sac dpe aimabe week oman 355 ft. 
Theoretical discharge 355 ft. head (tables).... o: gal. 

ROOT OE CCRT TT Corer ee $97 = 64 per cent 


Provided a suction gauge is not available an approximation 
may be secured by measuring the vertical distance from the level 
of water in the clear well to the center of the pressure gauge, 
adding to this measured distance about one foot for loss in 
bends, etc. 


Results of Checking Efficiency 


The solution of each instance of inefficient operation is a prob- 
lem in itself. No hard and fast rule for procedure can be given. 
In the case cited of obsolete design, the economical procedure 
was to replace the pump with one of modern design, keeping the 
old unit as a standby. In other instances, a change in the im- 
peller will often return the pump to high efficiency. In one case, 
where a multiple stage pump was working against a high head, 
it was found that its inefficiency was caused by a defective gasket 
between the upper and lower parts of the pump case. This per- 
mitted the water to flow back from the higher to the lower 
stages, thereby decreasing both the rate of discharge and the 
efficiency. A new gasket was all that was necessary to solve the 
difficulty. In another instance, it was found that some of the 
ports had become plugged with wood, probably when a filter bed 
had broken three years previously. At least once, an impeller 
was found loose on the shaft. 

About two years ago, an instance was uncovered where an 
apparent inefficiency was due to the power meter being set high. 
As soon as the test figures were in, the striking thing was not 
so much the low efficiency indicated, as the fact that the motor 
was apparently taking power at a rate which would have caused 
it to “burn up” from over-loading. 

This list could be prolonged almost indefinitely, but it is 
believed that enough illustrations have been given to show the 
value of continuous checks. Many progressive operators show 
on their monthly or weekly reports the number of gallons 
pumped for the period for each kilowatt hour of power consumed. 
This is a splendid practice. Whenever our company, in making 
these tests, has found a low efficiency indicated, our experience 
has shown that the power companies and the pump manufac- 
turers are most willing to cooperate in restoring the plant to 
efficient operation. 

Assuming that the motor is about 90 per cent efficient, the fol- 
lowing overall wire to water efficiencies may be expected from 
centrifugal pumps of good design: 


g. p. m. Per cent 
Dn an hed ba beeee aacreee aban anne ea toes nein 49 
as bhai pee A eed ok ann eae emndals canbe 54 
REE RESTS Se pe ce eae 58 
hk edcgitnh:, hed eae keh a WR ema astie 60 

ik sola ah cea le BR ih gs Shes anaes SR Re mo i een 63 
EE SE ee aA er Ee Severe aN oe 67 


More expensive pumps of best design will often show values of 
three to five per cent higher than the above figures. 

In order to illustrate how the table can be used to compute 
probable savings to result from the substitution of a more effi- 
cient unit for an existing inefficient one, let us assume that 1,000 
g.p.m. are being pumped against a total head of 200 ft., and a 
discharge of only 796 gal. per k.w.h. is secured. This gives us 
796 
——= 50 per cent efficiency. Should this installation be re- 
1592 
placed by one capable of an overall efficiency of 65 per cent, we 
would get 1,592 x 65 per cent =1,035 gal. per k.w.h. 

With an assumed monthly pumpage of 30,000,000 gal., it 

30,000,000 
would require, with the original installation, —————— = 
796 
37,676 k.w.h. to pump the water. 

With the proposed more efficient installation it would require 
30,000,000 
—————— = 28,986 k.w.h. 
1,035 


This is a saving of 8,690 k.w.h., or 23 per cent, in the actual 
power consumption. There is also a similar decrease in the de- 
mand rate. The pumping rate of 1,000 g.p.m. equals 60,000 g.p.m. 

60,000 
—— =/75 k.w. demand rate 


796 


and 








60,000 


— = 58 k.w. demand rate. 


This is a decrease of 17 k.w. or 23 per cent in the demand rate 

Both the demand rate and the actual consumption of power are 
therefore decreased in the same proportion. If the power cost 
averages 2 ct. per k.w.h., the reduction amounts to 8,690 x 0,92 
= $173.80 per month, or $2,085.60 per year. 

A word of warning may not be amiss here. While the large 
pumps are more efficient than the smaller ones, pumps larger 
than actually required should not usually be used. Often the aq- 
ditional friction loss due to higher velocity will offset the jn- 
creased efficiency, and the higher demand charges will boost the 
total bill considerably. 

Assume an installation which consumes 12,000 k.w.h. per 
month and which has a demand schedule as follows: 


SR S&S A A er ere ere pre $150.00 
SUSAR AS, Sree 130.00 
BO Ee Oe Girne ccc coke cncssessecsnons 24.00 

DOtAl wn cccvccccccccssvscccrccevesssscocsesooceces $304.00 


If we use a smaller installation with half this demand rate we 
might use 13,000 k.w.h. per month to pump the same amount of 
water, but the total bill would be less: 


ee I ao. a. own win baie owe sie aia enewie $ 75.00 
bp ee eT eee mrs 65.00 
es er ag 5. acorns. 0 bare, Seon aloo utes sre demu 96.00 

GE b.cavbekndsctant neces ccaaddecadenes ewan $236.00 


This is a saving of $68.00 per month although more power is 
actually consumed. And, after all, the object in securing in- 
creased efficiency is to pump more water per dollar. 


Measuring Output of Water 


Table I previously given has another use. Many plants, 
especially smaller ones, have no master meters. With the old 
displacement type pump it was possible to secure the approximate 
amount of water pumped by installing a pump stroke counter 
and multiplying the number of strokes by the discharge in gal- 
lons per stroke. If the pump were permitted to get into a state 
of disrepair, this measurement was apt to be in error, but if the 
pump were kept in good condition it was reasonably accurate. 
The method about to be outlined for obtaining the output of 
water from electrically operated centrifugal pumps has possibly 
a degree of accuracy comparable to the pump counter method. 

From the efficiency curve furnished with the pump, determine 
the pump efficiency for the head under which the pump operates. 
The curve will show the pump efficiency only. The combined 
pump and motor efficiency, the so-called wire to water efficiency, 
will be about 90 per cent of the efficiency shown for the pump 
alone. From Table 1 secure the theoretical gallons per kilowatt 
hour for the head under which the pump is operated. Multiply 
this by the overall wire to water efficiency just secured. This 
gives the number of gallons per kilowatt hour the pump should 
deliver. Multiply this by the total number of kilowatt hours 
used over any given period of time and the result should be the 
number of gallons pumped over the same period. If a curve for 
the pump is not available and if the manufacturer cannot supply 
one, approximate results can be obtained by using the efficiencies 
previously given in this paper. To illustrate: 

Assume a pump with an efficiency of 65 per cent operating at 
a total head of 200 ft. Then 90 per cent of 65 would give an 
overall wire to water efficiency of 58.5 per cent. If the installa- 
tion were 100 per cent efficient, Table 1 indicates the discharge 
would be 1,592 gallons per kilowatt hour. With an overall 
efficiency of 58.5 per cent the discharge would be 1,592 x 58.5 
per cent, or 931 gal. If the power consumption for the month 
be 20,000 kilowatt hours, then the total pumpage becomes 20,000 
< 931 or 18,620,000 gal. for the month. 

While this method of computing pumpage will not, as a rule, 
give results as satisfactory as those secured from a master meter, 
it does give a close approximation in instances where a master 
meter is not available. As a matter of fact, in one instance 
where this method was used to check the master meter, it was 
found that it would have been impossible for the pump to have 
delivered the water shown on the master meter unless the in- 
stallation had an efficiency of about 125 per cent. This, of 
course, would be impossible. Whenever a pump _ installation 
gives an efficiency over 100 per cent, the secret of perpetual 
motion will have been discovered. In the case just cited, the 
master meter was about 100 per cent fast. 

In outlining the tests in this paper it has not been intended to 
supplant the more detailed methods used by professional en- 
gineers, but to make available to the average water works opera- 
tor a method of checking which will give reasonably accurate 
results. 
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scribed below have been used for 46 years on many of the coun- 
try’s largest water and sewage lines. (Example: 40-mile, 60” 







Pipe-Joint Advisory Service—Recommendations without obliga- sketches wherever possible. 








DRESSER STYLE 38 COUPLINGS 


Purpose—The Dresser Coupling 
is a “factory-made” pipe joint, 
which (when simply assembled 
on plain-end pipe) makes a 
flexible, permanently tight 
connection. 


Description — Each standard 
















movements, expansion, set- 
tling, curves, etc. (3) Sim- 
plicity—unskilled labor, using 










Joins plain- 





S. R. DRESSER MANUFACTURING COMPANY 


pipe). Standard steel bolts, either galvanized 
or cadmium-plated, are regularly supplied with 
Style 53—though cast bolts can also be fur- 


PRODUCTS TO HELP YOU 
with Your ppype-goint problems! 


General—The pipe couplings and pipe-line repair products de- tion will be furnished by Dresser Laboratories for the solution of 

unusual pipe-joint problems on receipt of necessary details, in- 
cluding: service (water, air, sludge, ete.), maximum working 
‘ “eit aa P pressure, description of job, temperature range, etc., and _ the 
water line at Birmingham, Ala.) outside diameter, thickness, and kind of pipe, plus working 















Style 38 Steel Coupling is Fig. 168b. Style 38 Steel Fig. 195b. Style 40 Long Sleeve (6” I.D.). 
made up of one middle ring, Coupling (5%” Cas.) Is like Style 38 except has longer body 
two followers, two resilient, for joining plain-end, to span variations in space between pipe 
rubber gaskets, and a number light-wall steel pipe. ends. 
of bolts (se -ross-sectio De- 
See ee ee DRESSER STYLE 53 COUPLINGS 
. : — Fig. 174b. Style 53 Cast Coupling (12” C.I.P.). 
pe age of See For use with plain-end, cast-iron pipe under 
pa & Are—(1) ermanent corrosive conditions. Similar to Style 38, ex- 
Tightness —confirmed by  mii- cept of cast material. Sizes available: 2” to 
lions of field installations. (2) 30” incl. (An alternate for these and larger 
Flexibility —for absorbing pipe sizes is Style 38 Steel Coupling for cast-iron 





Fig. 164d. Style 38 Steel Coupling O”!Y @ wrench, can quickly en 
° o” install—or disconnect. (4) 
:  B aon Strength —ample to hold safely DRESSER STYLE 65 FITTINGS 


Fig. 176. Style 65 Fittings 









end steel any specified working pres- 
(and cast- sure. (5) Economy—the only Fig 7c 
iron) pipe. joint that insures true econ- 





omy throughout its life. 





Fig ed 





Sizes Available—Style 38 Couplings are 
made for all standard and special sizes, as 
well as all kinds of plain-end pipe. Size 
range: %” to largest pipe made. 






Fig. 76 





Fig tite 








How to Order—When ordering, or asking 
for quotations on Style 38 Couplings, 
state: (1) quantity; (2) style number; (3) 














join Plain-end, standard 
steel pipe. Shown are (all 
1%” I.D.): Style 65 Coup- 
ling (Fig. 176a); Style 65A 
Long Coupling (Fig. 176b); 
Style 65, 45° Ell (Fig. 
176c); Style 65, 90° Ell 
(Fig. 176d); and Style 65 
Tee (Fig. 176e). 

Working Principle of Style 
65—Threaded follower nuts 
on each end of fitting, when 
tightened with an ordinary 











nominal size and outside diameter of 
pipe; (4) kind of pipe (steel, cast-iron, Purpos Style 65 Fittings are 
etc.); (5) working pressure; and (6) serv- I , ined, flexibl i Jotete 
ice (water, air, sludge, etc.). (On special self-contained, flexible pipe 

orders, give the foregoing. plus details recommended for: (1) Water 
listed above under “Pipe-Joint Advisory lines. (2) Hot-water lines. (3) 
Service.’’) Air lines. (4) Sewage lines of all 
kinds. 









MIDOLE RING 
No Pipe Threading—Style 65 Fit- 

( “= tings come completely assembled 

. and may be instelled in a mo- 

Aas jeesanees SSS 7 ment with only a wrench. Just 

- a — loosen nuts, slip in plain-end pipe, 


tighten with wrench. Result—a 


















= T P| | 

Sezerses LS permanent teh dene ibe 
joining plain-end, large- ee ee joint that acts as a union and 
diameter pipe above Fig. 165. Longitudinal section through a makes unnecessary exact lengths 
24”, Style 38 Coupling (of typical size). of pipe. 













Style 60 Bell- 
Joint Clamp (12” 
C.1I.P.). Repairs 







Style 57 Cast 
Split Sleeve 
(12” C.I.P.). En- 













and prevents 
leaks in bell closes and per- 
joints. Readily manently repairs 


splits and holes 
up to 8” long in 
straight run of 
pipe. 


adjusted to va- 
riations in bell 
and spigot diam- 
eters. 








Fig. 238 


. R. DRESSER MFG. CO 
In Canada: Dresser Mfg. Company, Ltd 
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wrench, cause resilient 
gaskets to compress tightly 
around ends of the pipe, ef- 
fectively sealing in the contents 
of the line under all conditions. 
Resulting joint is permanently 
tight, yet flexible enough to ab- 
sorb and cushion safely ill vi- 
bration, expansion, contraction, 
and deflection movements of the 
pipe. 
GASKET RETAINER FOLLOWER 

(or Cup) FITTING NUT 

BODY 













Style 26 Cast 
‘ Split Sleeve 
4(12” C.LP.). 
Encloses and 
permanently 
repairs bro- 
ken or split 
bell joints. 

































WATER WORKS AND SEWERAGE DATA 








Principle 
The method of pumping with compressed air can be illustrated 
by the drawing at the right. 


If the tank is filled with water, 
it is clear that it will rise in the 
vertical column to the same level 
as in the tank. Now assume that 
a specific quantity of compressed 
air is allowed to continuously 
flow into the pipe. The mixture 
of air and water in the vertical 
pipe, because it is lighter than 
the water in the tank, would rise 
a distance of Hi: + A above the 
water in the tank. This is true 
because the light mixture of air 
and water in the column Hs + 
H: + A just balances the head 
of pure water “Hs” in the tank. 
With this condition, no water is 
flowing, since the system has 
reached a static position. Assume that, after the static position 
has been reached, a section of the pipe is cut off, say “A” 
amount. Now, the mixture of air and water in the column no 
longer balances the head of pure water in the tank and the re- 
sult is a flow of water up the vertical column. The actuating 
force is equal to the unbalanced force of the column of mixture 
due to deducting “A.” This actuating force is equal to the 
pressure exerted by the head of pure water Hs (submergence) 
less the pressure exerted by the head of the mixture Hi (lift) 
+ Hs (submergence). 





Terms 
« = Distance from ground level to point of discharge = 
Lift above ground in feet. 


H. = Distance from the water level to the ground level when 
the well has been allowed to stand for some time without pump- 
ing = Static lift in feet. 


Ha = Distance from the water level when the well is pump- 
ing the desired quantity of water to the water level when the 
well is not pumping = Drawdown at required water capacity 

in feet. 
H: = Distance from pumping 


WATER DISCHARGE level to point of discharge = 






H. + H. + He = Total lift 
in feet. 
GROUND SURFACE Hm = Distance from entrance 


of air into discharge pipe to the 
static or normal water level = 
Ha + Hs = Starting submerg- 
ence in feet. 


7 Hs = Distance from entrance 


STATIC LEVEL 


PUMPING LEVEL} 


of air into discharge pipe to the 
pumping water level = Working 





m He submergence in feet. This fac- 
tor is often expressed as per cent 
AIR_INLET_ 3 ___¥. submergence which is 
45039 100 Hs 
Hs + Hi 


*Courtesy, Ingersoll-Rand Co. 


PUMPING BY AIR LIFT* 





For “Sewage and Sludge Pumping” (See Sewerage Section) 





Data Used in Air Lift Calculations 
Quantity of ~ Required 
l 





Va = 
Hs + 34 





c logio 


in which 
Va = cubic feet of free air per gallon of liquid. 
Hi = total lift in feet. 




















Hs = working submergence in feet. 
C = factor varying with submergence; given below. 
Wndene 00 Cleese 
outside inside 
Submergence air line air line 
15% 366 ec. 
70% 358 322 
65% 348 306 
60% 335 285 
55% 318 262 
50% 296 238 
45% 272 214 
40% 246 185 
35% 216 162 
Submergences 
Customary Allow- Best 
Lift able Submergence Submergence 
in Feet Percentage Percentage 
20 to125 50 to 70 65-70 
125 to 175 40 to 65 60-65 
175 to 250 40 to 60 55-60 
250 to 350 37 to 55 50-55 
350 to 650 37 to 50 45-50 
650 to 750 35 to 45 40-45 
Size of Discharge Pipe 
Q 
d = 13.54 — 
. . v 
in which 
d = inside diameter of pipe in inches. 
Q = Volume of the mixture of air and water in cu. ft. 
per min. 
v = velocity of mixture in pipe in ft. per min. 


With a straight pipe the best discharge velocity of the mix- 
ture of air and water for lifts from 40 to 200 ft. varies from 
2000 ft. per min. at 35% submergence to 700 ft. per min. at 
70% submergence. 

With a tapered pipe the best discharge velocity is 1400 ft. 
per min. at 35% submergence and 550 ft. per min. at 70% sub- 
mergence. The best velocity for the mixture of water and air 
at the entrance to the bottom of the discharge pipe is 800 ft. 
per min. at 35% submergence and 450 ft. per min. at 70% sub- 
mergence. 


Starting Pressure 


Ps = 0.434 Hm 

in which 
Ps = starting pressure in lbs. per sq. in. 
Hm = starting submergence in feet. 


Working Pressure 

Pw = 0.434 Hs + Pr 
in which 

Pw = working pressure in lbs. per sq. in. 

Hs = working submergence in feet. 

Py = friction drop in air line from the compressor to the 
foot piece in Ibs. per sq. in. 
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RATING AND SAMPLING WELLS BY AN IMPROVED METHOD 
By PAUL F. HOWARD, M.S.* 


Boston, Mass. 


It is oft-times desired and of importance to ascertain the quan- 
tity and quality of water yielded by an individual driven well 
connected to other wells of a water system. Experience has 
shown that analyses of samples of water taken from individual 
wells by means of a hand pitcher-pump give false and meaning- 
less results, especially in relation to the iron content. Likewise 
the yield of an individual well by means of separate pumping 
furnishes but little if any information as to the yield of the in- 
dividual well when ganged together into a common system. 

The writer’s firm was engaged to investigate a water supply 
from about 90 driven wells. During the course of the work it 
became desirable to determine the yield of each individual well 
and the iron content of the water from each individual well un- 
der normal operating conditions. This was done by a device 
which we have called a Well Rater and Sampler. The device 
(see cut) was connected to the top of the well by a 2% inch 
wrought iron pipe about 2% feet long. At this point a 1% 
inch centrifugal pump was connected by the proper fittings and 
discharged through a 2 inch pipe. On the suction pipe a hand 
pump was attached to prime the pump. A 2 inch orifice flow 
meter was inserted in the discharge line and by means of a man- 
ometer the rate of flow was determined. The amount of the 
draw-down of the well, when connected to the well field, was 
determined by means of a mercury U tube connected to a small 
tube attached to the well cap, the tube extending into the well 
to a depth sufficiently great so that the end was at all times be- 
low the level of the water-table outside of the well. 


Before the Well Rater and Sampler was connected to the well 
the permanently installed valve on the suction line was closed. 
After the device was connected this valve was opened and the 
well was observed under actual working conditions—i.e., while 
it was being pumped along with the other welfs by the large 
pump in the pumping station. The drawdown was revealed by 
the reading of the manometer connected to the tube in the well 
and recorded. Thereafter, the permanently installed valve was 
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WELL RATER AND SAMPLER 
The Hook-Up of the Well Rater and Sampler 


closed and the centrifugal pump started, the rate of pumping 
being controlled by a valve on the discharge line. As the dis- 
charge increased the drawdown increased, thus producing a de- 
flection on the manometer. When the manometer reading was 
the same as that already observed under the actual working con- 
ditions, as just described, the output of the well was assumed to 
be the same. The quantity being pumped was then determined 
by observing the deflection of the flow manometer on the pump 
discharge line. The results represented the actual amount of 
water that the well was contributing from the field as a whole 
when under actual pumping conditions. Samples of water for 
analyses, then taken at the point of discharge, were considered 
truly representative samples. 

By careful operation of the valve at the discharge end of the 
pipe the yield of the well was brought gradually up to the orig- 
inal yield at the beginning of pumping. Thereby higher veloci- 
ties than usual or ordinary in the pipe well were provided. Any 
excess velocities would, of course, free scale, rust and other 
matter and give false samples. The flow manometer in this 
particular instance was connected to the 2 inch orifice flow 
meter. [The liquid used to determine the differential pressure 
can be of any specific gravity desired depending upon the rate 
of flow to be measured. The most common is mercury for 
high flows and carbon tetrachloride, Specific Gravity 1.60, for 
low flows.] 

One side of the mercury U tube was connected to the tube in 
the well and filled with water from the surface of the mercury 
to the water level in the well, care being taken to remove all 
= The other side of the U tube was left open to the atmos- 
phere. 


A Specific Case 


The following specific example will serve as an illustration. 
After the Well Rater and Sampler had been properly set up and 
connected to a well the mercury U tube was connected to the 
tube in the well. There was an initial deflection of mercury of 
3 inches which represented a water column of 40% inches, the 
distance from the water table to the mercury surface of the U 
tube. After an equilibrium had been reached the well was con- 
nected to the field and the mercury in the U tube deflected an 
additional amount corresponding in general to the distance the 
water table dropped outside of the well and specifically to the 
drop in pressure in the well. In this case the total deflection 
was 4%4 inches or a difference in deflection of 1%4 inches which 
equal 17 inches of water as the drawn down within the well. 

The well was then shut off from the other wells and the small 
test pump started. The discharge valve on the pump was then 
opened slowly, increasing the yield of the well until the draw- 
down deflection of mercury showed 4% inches. After this point 
was reached the flow manometer was observed to have a deflec- 
tion of 154 inches of mercury which on this meter represented 
a flow of 20.1 gallons per minute. 

The yield of the various wells in relation to the drawdown 
was plotted on arithmetic paper and the yield of each well was 
found to be directly proportional to its drawdown. The yield 
of the various wells varied from 1 to 25 gallons per minute and 
the drawdown varied from 5% to 26 inches. 

This device has been made use of in installing new driven 
well fields. By its use we have been able to predict reasonably’ 
well the draw down or vacuum to be expected in a system of 
driven wells and to eliminate uneconomic wells, which have a 
low yield in relation to the drawdown. Also with open end 
wells it has been possible to determine at what yield a well will 
throw sand sufficiently to result in filling up by sand. The 
equipment will probably be found to have other uses also. 

Acknowledgment—The above paper was presented before the 
New England Water Works Association, at Providence, R. L., 
Sept. 19, 1935, and appeared in Waterworks & SewaAce for 
December, 1935. 
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Repair Clamps and Saddles for Steel and Cast Iron Pipe 
SOUTH BEND, INDIANA 








SKINNER 
BELL JOINT 
CLAMP 


For Stopping Bell and 
Spigot Joint Leaks... 
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@ SKINNER BELL JOINT CLAMPS give instant, effective and 
lasting repair for bell and spigot joint leaks. Direct in action, 
they not only stop the leak but also introduce an element of flex- 
ibility into the joint, which prevents future trouble at that point. 
This feature is especially valuable in repairing leaks that occur 
under railroad or street car crossings, or at other locations 





CROSS SECTION 


Cross section of Skinner Bell Joint where vibration is present. 
Clamp shows at a glance the exclu- ¢ 

sive Skinner method of sealing gas- Clamps are rugged malleable iron, shaped to insure a perfect 
saher anh REY Ge te “ns circle, and heavily enamelled to resist rust. Monel metal seal 

at the bell face by Monel metal band ring and 34,"" cadmium plated steel bolts. Clamp is self-adjust- 

.. . at spigot by hard vulcanized tips ing to variations in pipe thickness. For pipe sizes 3" to 48." 


—sealing in pressure, sealing out air, ‘ , 
uiiiinn, sad edabdedon wl Remember, Skinner clamps are the only clamps with SEALED 


conditions. gaskets; be sure to get this extra protection. 
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@ SKINNER SPLIT COUPLING CLAMPS are light and easy to 
handle . . . yet sturdy and dependable—strong enough to hold 
up to 600 lbs. pressure with ample excess strength guaranteed. 
One man can apply in only |2 to 20 minutes, with ordinary tools, 
and without shutdown of service. Saves expense and extra 
labor of installing clumsy sleeves; does away with wrapping and 
postponing the real repair. Introduces a degree of flexibility 
Cross section of Skinner Split Cou- which prevents future trouble. 

pling Clamp shows how rubber gasket 
is COMPLETELY SEALED . . . at top 
by Monel metal sheath band. . . at 
the sides by hard vulcanized tips, seal- 








CROSS SECTION 


Construction is simple and effective. Two sturdy malleable iron 
rings—split for easy application—are tapered and cast with 
finger projections which intermesh. Molded gasket is 5!/," 
ig ' : wide, of very soft gum and carbon black, with hard vulcanized 
ing in the pressure, sealing out air, : : 

malhinn, ond qulabdetvedtion sl tips. Monel metal sheath band, brass band to cover split, and 
sanditiens lista cho team bend cadmium plated steel bolts are furnished. For pipe sizes 2" 


covering break. to 16." WRITE FOR COMPLETE SKINNER CATALOG. 
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WELL CONSTRUCTION* 


Some Notes and Experiences 
By J. A. CARR 


Superintendent, Water Department, Ridgewood, N. J. 


In presenting this paper on well construction, let me say that I 
do not pretend to be an expert in this line. However, based on my 
own experiences, I shall attempt to bring to your attention a few 
points from the user’s or purchaser’s angle which may be of value 
to some. 

My remarks will be confined to the drilling of wells in rock, 
that being the type of well with which I am most familiar. 

The most important points in the construction of a new well 
seem to be the following : 

1. Full and complete specifications and a bid sheet permitting 
a fair comparison of prices. 

The selection of a responsible contractor. 
A full-size hole, which is kept plumb. 
Proper sealing. 

Proper and complete testing. 


Uist why 


Specifications and Bid Comparisons 


It would seem as if the preparation of specifications for drilling 
a hole in the ground should be a simple matter. In my opinion it is 
not as simple as it first appears. There are several points both in 
the specifications and in the bid sheet which may cause difficulty 
in deciding on the low bidder and create misunderstanding in mak- 
ing payments. These points should be clearly set forth in fairness 
to both the contractor and the purchaser. 

We, in Ridgewood, do not contract for a flat sum to a fixed 
depth, but call for bids by the foot. For instance, our bid sheet 
reads as follows: 

Item 1. For drilling, furnishing, setting and sealing, both a 
inch and a inch casing from the 
surface of the ground to rock, as specified for 


ohare per lineal foot. 

Item 2. For drilling a ........ inch well from the bottom of 
the casing to a point 150 feet deep for $........ per 
lineal foot. 

Item 3. For drilling, etc, ........ from a point 150 feet deep 
to a point 250 feet deep for $........ per lineal foot. 

Item 4. For drilling, etc., ........ from a point 250 feet deep 


to a point 500 feet deep, etc. 

Usually the most expensive portion of the well is that portion 
which is cased down to and into rock. The depth into reck to 
which the casing will be carried cannot always be decided in ad- 
vance. So, in order that all bids may be considered on an equal 
basis, the following statement is made in the specifications: “For 
the purpose of comparing bids, the distance from ground surface 
to rock will be considered to be feet.” The distance 
mentioned is the approximate depth we believe the rock to be. 

Our specifications provide that we may stop drilling at any 
depth. Again, so that bids may be comparable, we state in our 
specifications: “While the contractor’s bid is based upon a maxi- 
mum depth of 500 feet, it is here distinctly understocd that drill- 
ing may be stopped by the Engineer at any depth. It is guaranteed, 
however, that the contractor shall be paid for at least 200 feet of 
drilled well.” 

We provide that the well shall be tested once by, and at the ex- 
pense of, the contractor. Furthermore, that more than one test 
may be required. In this precautionary specification, any uncer- 
tainty in bidding as to additional tests will be removed. The speci- 
fied amount to be paid to the contractor for such additional tests 
is set up on an hourly basis. 


Selection of Contractor 


Next after the receipt of bids is the selection of a “skilled and 
experienced” contractor. This definition is taken to cover those 
who are not only responsible financially but, more important, thosé 
who know how and have the equipment to do a first class job. And, 
in addition, the desire to do it. 

The improper care and use of drilling tools and improper 
handling of casings may result in defective wells, thereby causing 
much immediate or future trouble and expense. 

There should be absolute insistence that the contractor’s repre- 
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sentative on the job, who is usually the rig operator, keep proper 
records and turn over to the purchaser full and complete informa- 
tion as to what is being done, and what is happening as the work 
progresses. Samples of drillings at various depths should be pre- 
served. 

Unfortunately, there are still some drillers who wish their cper- 
ations to be considered secret. They should be impressed with the 
fact that there are two parties, the owner and the contractor, who 
should know all there is to know about the hole. Full and accurate 
records are most essential for the proper future maintenance and 
operation of the well. 


What Size Hole? 


The hole should be started at that size sufficient to permit as 
many reductions in diameter as may prove necessary and stiil have 
ample diameter for pump installation and to permit future work 
or alterations. 

We recently had occasion to insert a 10-inch casing in a well 
that had already been reduced from 16 inches to 12 inches. Had 
the hole been started smaller, it might have been necessary to 
abandon it. It is poor economy to start drilling with a small hole. 

The well should be plumbed and gauged at frequent intervals 
during drilling, in order that the purchaser may be assured a 
straight plumb hole of the required size. Watching the cable to 
see that it hangs in the center of hole is a rough check for plumb. 
The bits should be frequently checked to see that they are the full 
diameter required. 

While a hole slightly out of plumb, so long as it is a straight 
hole, does not interfere to any great extent with a pump setting, a 
zigsag or corkscrew hole can cause no end of trouble and expense. 
This fact was vividly demonstrated to us recently when we inserted 
a 10-inch inner casing in an old 12-inch well. The casing above 
rock was out of plumb and there was a constriction in diameter 
of the rock hole which it became necessary to correct before the 
10-inch casing could be entered. 


Sealing 


I believe that there is only one sure and permanent way of 
sealing a rock hole to shut off surface or top ground water. That 
is by double casing, in which the annular space between the two is 
grcuted with neat cement. 


On new holes we require the outer casing to be driven to the 
rock. The drilling is then continued the same size as the outer 
casing to a depth beyond all soft or broken formation, which is 
equal to the length of the string of tools. The hole is then filled 
with sand to a point where the inner casing is to set. 

The balance of the hole is then partially filled with neat cement. 
A cast iron plate is welded over the bottom end of the inner cas- 
ing and it is lowered and pushed into the cement to the required 
depth. This gives the inner casing a piston action forcing the 
cement around the bottom of the casing, and up into annular space 
between the two casings. The balance of the space is filled with 
cement slurry to the top. After the mortar has set for several days 
the cast iron plate is knocked out, the sand bailed out of the hole, 
and drilling continued into rock. 

The purpose of the sand is to permit the string of tools to hand 
out of the casing when drilling is resumed, and thus avoid jarring 
and cracking the cement. 

When inserting an inner casing in old wells, the hole is bridged 
at the required depth and the same procedure followed. 

In placing the cement in the well considerable care is necessary, 
because if the cement is put in dry it has a tendency to bridge 
before reaching the bottom and not entirely fill the annular space. 
We have found it most satisfactory to mix the cement with water 
to the consistency of heavy cream and pour it in. Whether or not 
the space is entirely filled can be roughly checked by computing 
the volume of slurry required. 

If the cement is placed dry, a small pipe carrying air from 4 
compressor should be lowered to the required depth and gradu- 
ally withdrawn as the hole fills. By this means the bubbling air 
prevents bridging of the cement. 
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Super-deLavaud Pipe with B&S Joints 


Super-deLavaud Pipe with bell and spigot joints is available 
in all sizes from 3” to 24” and in 12-foot and 18-foot lengths. The 
joint is particularly adaptable for lead, cement, joint compound 
or rubber ring assembly. The centering ring insures easy align- 
ment and uniform distribution of the jointing material. The 
process by which this pipe is produced assures concentricity, even- 
ness of metal and freedom from sand or slag inclusions. The 
bell and spigot joint, made with lead or other jointing materials, 
shows ample strength to resist pulling apart. If required to meet 
service conditions, pipe will be furnished with special linings. All 










pressure service for water, gas, steam or similar liquids and 
gases; and drainage service. Pressure pipe is made to meet the 
requirements of Federal Specifications WW-P-421 and is supplied 
in three classes: standard, extra-strong and double-extra-strong. 
Drainage pipe, used for waste, vent and drain work, is a lighter 
pipe for use in buildings and elsewhere where a tight screw- 
coupled joint is needed. Drainage pipe is made to meet the 
requirements of Federal Specifications WW-P-356. 


THREADED CAST IRON PRESSURE PIPE 
(Made to meet the requirements of Federal Specifications WW-P-421) 
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ELIMINATING SURGE TROUBLES ON PUMP DISCHARGE LINES* 


By D. M. RADCLIFFE 
Engineer, U. S. Engineers’ Office, Washington, D. C. 


The purpose of this article is to relate a practical means of 
preventing dangerous surges and water-hammer in water service 
pipe lines. 

There are several means of preventing surges in pipe lines, 
the best known of which is the surge tank. In most water 
supply systems it is not practical to provide surge tanks and 
therefore some other means must be employed if excessive 
surging is to be eliminated. 

A common cause of dangerous water-hammer or surge in 
pipe lines of water supply systems is failure of the electric 
power input to motor driven pumping units. This sudden stop 
in pumping sets up a series of pressure waves or surges in the 
discharge pipe line. Much has been published with respect to 
water-hammer and its effects on pipe lines, therefore this arti- 
cle will discuss briefly a practical means of eliminating surge 
or water-hammer conditions. The method described is in sat- 
isfactory operation on the Washington Aqueduct in the city of 
Washington, D. C. 

The Dalecarlia Pumping “Station is equipped with nine syn- 
chronous motor driven centrifugal pumping units of 10 and 20 
m.g.d. capacities. Three discharge pipe lines extend from the 
station to service reservoirs. One is a 48-inch pipe line, 12,350 
feet in length with 110 feet working head; one a 36-inch line, 
8,900 feet in length with 220 feet working head; one a 36-inch 
line, 15,950 feet in length with 340 feet working head. Three 
pumps are connected into each of these three lines. 


Following accepted practice quick closing check valves had 
been installed in each of the pump discharge lines. Electric 
power failures, which occur several times each year, proved the 
cause of excessive and dangerous surges of water-hammer in 
the discharge lines. Records of the surges were taken on high- 
speed pressure charts and it was found that the maximum surge 
pressures recorded were 175 per cent above normal working 
pressure on each line. 


Rotary Plug Type Check Valves Installed 


After the pumping station had been in opertion for approxi- 
mately three years, it was decided to install check valves which 
would reduce to a minimum the loss of head through such 
valves. The new valves installed are of the rotary plug type 
and hydraulically operated. These are equipped with an ad- 
justable timing feature to provide means of regulating the 
speed of closing upon pump shut-down or failure of electric 
power. Timing tests were made on the new valves to determine, 
if possible, a closing period which would limit pipe line surges 
to safe values. A number of closing periods, varying from one 
second to fifteen seconds, were tried. It was not permissible 
to employ closing periods in excess of fifteen seconds because 
a reverse flow of water through the pumps would take place and 
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Fig. 2.—Sketch to Show Arrangement of Tapping Sleeve and 
Surge Relief Valves 


rotate the units backward at high speed. Since the pumps are 
not designed for reverse rotation this condition was considered 
unsafe and time of valve closing was limited to a maximum 
of fifteen seconds. In the series of closing period tests made, 
it was found that a five second period produced the best re- 
sults, but the surge was still 100 per cent above normal working 
pressure. Unless the check valve can be left open until a surge 
is dissipated and then closed slowly, it is necessary to close 
the valve before the first supernormal return wave reaches the 
station or valve. In the case of the Dalecarlia Station, the first 
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Fig. 1.—Results from Surge Relief Experiments, Employing Various Sizes of Relief Orifice 
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Fig, 3.—Charts Illustrating Surge Conditions Before and After 


supernormal wave reached the station seven seconds after power 
failure. The results obtained by valve timing were therefore 
not considered satisfactory because these valves must protect 
pipe lines of concrete construction which were not designed to 
withstand the surge pressures encountered. 


Further Studies on Surge Relief 


Investigations of several methods of surge suppression in pipe 
lines were then made. It was decided to provide a relief valve 
on each pipe header in the pumping station. To make the in- 
stallation it was necessary to provide an outlet from each of 
the three pump-discharge lines. This was accomplished by in- 
stalling “Smith” tapping sleeves (Fig. 2) with 10 inch outlets. 
A 10-inch gate valve was bolted to each sleeve to provide 
emergency shut-off. The discharge from each surge relief 
valve was carried into the filtered water reservoir to prevent 
waste of purified water. 

Before deciding upon size of valves to be used, calculations 
and field tests were made to arrive at the size of relief re- 
quired. The field tests consisted of a series of surge tests 
relieved through different sizes of openings. This was done by 
providing a 12 inch valved opening on one of the pumping 
station headers. A series of tests was then made under vari- 
able pumping conditions with the several orifice plates bolted 
on the valve. The valve was of the quick opening, hydraulic 
type, manually controlled. A signal system was installed to in- 
sure proper timing of test valve opening. The field tests 
included surge relief through openings 2, 4, 6, 8, 10 and 12 
inches in diameter. It was found that the 2 and 4-inch open- 
ings had very little effect in damping the supernormal surge 
pressure. The 6-inch opening did not damp the first supernor- 
mal wave but did damp out the succeeding waves. The 8-inch 
opening entirely damped or eliminated all supernormal waves. 
From the results obtained in the field tests it was decided to 
install 10-inch surge relief valves on each of the pump dis- 
charge lines. The chart (Fig. 1) shows the results of the 
pr made with the orifice plates under variable pumping con- 
itions. 


Installation of Cone Type Relief Valves on Discharge Lines 


Automatic Cone Relief Valves Installed 


The surge suppressor or relief valves installed are of the 
hydraulically operated, rotary plug type (Fig. 2), manufactured 
by the Automatic Cone Valve Company, now a division of the 
Chapman Valve Company. Since the valves meet open when 
the pressure drops in the pipe lines it was necessary to supply 
water pressure for valve operating from an independent source 
of supply. A 60-gallon residential supply water system was in- 
stalled to insure an unfailing supply of water pressure to the 
three surge relief valves. The valves operate in the following 
manner: the normal pressure of the pipe line operates against 
a spring diaphragm pilot valve which admits control water 
pressure to the “closing” end of the hydraulic piston. 

This holds the surge relief valve in the closed position. When 
a power failure occurs, the water in the pipe line flows away 
from the pumping station causing a subnormal wave iin the 
line. This results in low pressure against the control dia- 
phragm, which allows a spring to operate the pilot valve, which 
in turn allows high pressure control water to flow to the 
“opening” end of the hydraulic piston which opens the main 
surge relief valve. The opening action is very rapid, the entire 
operation requiring only from 1.5 to 2 seconds. The average 
duration of the first sub-normal wave in the Washington lines 
is approximately 8 seconds, thus the surge relief valve is wide 
open before the first super-normal return wave reaches the 
station. With the surge relief valve open, all succeeding super- 
normal waves are dissipated through the open valve. The pipe 
line now assumes a penstock condition and the surge relief 
valve must be closed very slowly in order to prevent setting 
up penstock surges. This is done by limiting the flow of con- 
trol water to the “closing” end of the hydraulic piston. For 
successful results it was found that a 2-second opening and 
2.5-minute closing of the surge relief valves entirely elim- 
inated water-hammer or surges in the respective pipe lines. 


Results 


During the period of service since these surge relief valves 
have been in operation in the Dalecarlia Pumping Station sev- 
eral power failures have occurred. High speed pressure charts 
indicate, however, that pipe line surges have been entirely elim- 
inated as indicated by typical records pictured in Fig. 3. 
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SAND-SPUN PIPE 


Centrifugally Cast in Sand Molds for 
High Strength 

“Sand-Spun” pipe is fundamentally differ- 
ent from pit-cast pipe in its manufacture and 
It is cast in heated, spinning 
molds. This eliminates 
chilled iron, hardness, and brittleness, and pro- 
duces a pipe with few impurities, great elas- 
ticity, and high tensile strength. The metal is 
close grained and ductile, making drilling and 
machining easy. 


in its properties. 


sand-lined process 


“Sand-Spun” pipe conforms to American 
Water Works Association and American Gas 
Association standards for Bells and Beads. It 
is available in unlimited quantities in sizes up 
to 30”, in bell and spigot, plain ends, raised 
ends, grooved ends, and with mechanical joints. 


FITTINGS 


Bell and Spigot or flanged fittings made to 
American Water Works Association specifica- 
tions. 


Special castings, flexible-joint pipe, and 


large loam castings. 


Cast iron culvert pipe. 





Highly Recommended for 
WATER, GAS, LIQUIDS, SEWERS 









The continuous shocks caused by present-day heavy trattic 
on hard surfaced streets require a pipe more resistant to 
shock. Thus we show here an illustration of the elasticity 
or bending quality of SAND-SPUN pipe. This 16-foot 
section bent more than 3 inches without damage. 


WORKS, FLORENCE, N. J. 


400 CHESTNUT STREET 
PHILADELPHIA 


Reduced Fittings: Condensed design of bells 
and spigots, interchangeable with A. W. W. A. 
standard, A. G. A. standard, and N. E. W. W. 
A. standard. They effect savings in weight, 
space, freight, and handling. 






GATE VALVES 


Every element in the design and construc- 
tion of “Wood” Gate Valves is based on the 
fact that reliability is their all-important qual- 
ity. Interruptions in service are fire hazards, 
or perils to health, or both. 


“Wood” Valves, therefore, are primarily 
simple in design, rugged in construction, fully 
bronze mounted, and tested to twice their 
working pressures of 175 pounds. They fully 
meet specifications of American Water Works 
Association, with these two added features: 


1. There are no pockets to fill with sediment 
or scale to make the valve jam. 


2 The taper-tube seat, with double discs to 


assure tightness, is never rubbed or scraped by 
the discs, because the mechanism drops into 
place before it is spread by 
outward pressure from the 
center. This protects the 
seat against wear and 
grinding action. 









Wood gate valves 
available in every size. 


In closing, the gates lower 
out of the bonnet across the 
flow of water before the 
spreading action begins. The 
center or ‘‘hub’”’ of the 
spreader then presses out- 
wards against the discs on 
each side of the trunnions, 
creating a uniform pressure 
and a perfect adjustment 
against the seats. In opening, 
the spreader moves away 
from the discs, letting them 
fall free before lifting. 



































































MATHEWS FIRE HYDRANTS 


The Mathews Hydrant has been a leader for 
more than 60 years. Over 350,000 are in use. 
They have never changed in basic design, and 
the newest Mathews is interchangeable with 
the oldest. 

Yet the Mathews Modernized Hydrant is 
the one hydrant best fitted to meet today’s re- 
quirements. Not only is it simple in design, 
thoroughly protected against rust, and unusu- 
ally strong in all its parts, but the protection- 
case construction offers three distinct advan- 
tages: 

1. It prevents frost-swollen ground from 
heaving the hydrant, loosening it from the 
main, breaking it. away from the main, or 
cracking the hydrant itself. It is only natural 
that tightly packed soil lifts under the action 
of frost, and may hoist the hydrant several 
inches out of position. But in the case of 
Mathews Hydrants, this upward pressure is 
exerted only on the sliding protection case. 
Frost cannot heave the hydrant itself, and 
leaves it without strain at the level it was set. 


2. It makes the hydrant far stronger. Not 
only is the full barrel-strength increased by 
the shock-resistance of the sand-spun protec- 
tion case, but the hydrant is not weakened by 
any theoretical breaking point. 


3. The protection case allows all working 
parts to be unscrewed and lifted out as a unit, 
whether broken by traffic, in need of overhaul, 
or for replacement by the modernized type. It 
is never necessary to dig up a Mathews Hy- 
drant, for even grade-changes can be met by 
replacing the barrel with one of the proper 
length. 


The Modernized Mathews also has the ad- 
vantage of the new Swivel Flange which per- 
mits facing the nozzles in any direction, and 
the Shield Operating Nut which prevents rain 
and sleet from seeping in and freezing around 
the operating nut. 

And remember: Traffic - broken Mathews 
Hydrants can be replaced without digging or 
breaking pavement. This is a real economy to 
any municipality. 
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THE ELIMINATION OF CHECK VALVE SLAM 
By H. K. PALMER* 


Los Angeles, Cal. 


The slamming of check valves when pumps are stopped con- 
stitute a source of annoyance and often of expense to water works 
or sewage works, and allied institutions. Many check valves have 
an annoying habit of slamming when it is least expected, while 
others placed on long lines may close quietly. Too sudden closing 
may easily cause a rupture in a pipe line, a feature which may 
be eliminated by inclusion of a large air chamber which will 
eliminate sudden pressure on the pipe but may cause such an 
abrupt closing of the valve as to crack the flap. 


Check valve slam produced by a surge in the water column 
causes water hammer, with its consequent damage. When a 
pump suddenly stops, the water tends to continue in motion due 
to its momentum, and the gage pressure drops to zero. The force 
tending to stop the motion of the water is proportional to the 
static head on the pump and such force produces a negative 
acceleration in the water column according to the formula: 

F=>Ma 
where: F = Force producing acceleration; M = Mass of water; 
a = Acceleration. 

Letting: A = Area of pipe, square feet; L = Length of pipe in 
feet; g—= Acceleration due to gravity (32.2); w= Weight of a 
cubic foot of water (62.4 lbs.) ; h= Static head on the pump; 
Hf=Friction head; H=Total head; t—=Time in seconds; 
v= Velocity in pipe: 

One may: compute the force producing acceleration as being 


F=>hAw 
And, the mass of water is found to be 
Lw 
[EE 
£ 
Then: 
ALw 
h A W=>———-a 
g 
Or 
h 
a——g (See Figue 1) 
L 


If v is the velocity in the pipe before the pump stops, the 
time (in seconds) required to bring the water to a stop will be 

Vv 

a 

a 
If the flap can come to its seat in (t) seconds or less, it is 
obvious that the water cannot move backwards and as the 
flap is moving against the stream it will be cushioned. On the 
other hand if the flap does not have time to become seated 
within (t) seconds, the water will start backwards and the 

valve will close with a slam. 


Rapid vs. Slow Closing Checks 


It is obvious that what is desired is a valve that will close 
rapidly. One way to accomplish this is to have the valve seat 
inclined to shorten the distance the flap must move, and another 
is to use a valve with an extended hinge pin and arm so that 
the flap can be weighted. This weight prevents the flap from 
opening fully, causing a small increase in pressure, but accel- 
erates its return movement when the pump stops. On one test 
in which a four-inch pump was forcing water into a pneumatic 
tank under 65 pounds pressure, the slam was eliminated by 
hanging enough weight on the check hinge pin arm to increase 
the pumping pressure less than one-half pound. This repre- 
sented one of the most difficult situations for slam elimination 
because the pump line was short and there was little mass to 


the flowing water; thus in one controlling formula a=—, (a) 
M 
Vv 
was relatively large; and in the other formula t=—, (t) was 
a 


relatively small. 


Where it is not practicable to close the check valve in less 
than time (t), the use of a slow closing valve should be con- 





*Chief Draftsman, Los Angeles County Sanitation Districts. 
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Arrangements of Atr Chamber Installation to Eliminate Check 
Valve Slam and Water Hammer 


sidered, but such valves are expensive and must be so designed 
that the final closure is made very slowly. An air chamber 
will provide a cushion in case the valve does not close before 
the flowing water comes to rest and will protect the pipe 
against excessive pressure. Immediately after the pump stops, 
the value of the shock absorbing compressed air in such cham- 
ber is its cushioning effect, which tends to maintain the gage 
pressure on the line instead of allowing it to drop to zero. It 
will thus delay the stopping of the water in the main pipe but 
the pressure being maintained close to the pump, where the air 
chamber will normally be placed, produces excessive accelera~ 
tion in the short length of pipe between the chamber and pump 
and although the valve will slam violently, the pressure on this 
section of the pipe will not be excessive. After the valve has 
slammed the water, in the main pipe will slowly come to rest, 
and then back into the air chamber, the gage showing an oscil- 
lation about the static elevation, as a center, with maximum and 
minimum at approximately (h-+ Hy) and (h—Hf). 

The air cushion in Fig. 1 has purposely been drawn much 
larger than is recommended in order to illustrate the conditions. 
If, instead, it consists of a piece of pipe of the same diameter 
as the discharge pipe and about two or three diameters in 
height it will not supply enough water to permit any to flow 
backward through the check valve, thus avoiding a slam and at 
the same time preventing excessive pipe pressure. A surge will 
be set up with a maximum pressure of (H = 2h) and minimum 
(H=0). 
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A Successful Arrangement 
i amber arrangement which has been found to wor 
— polwer is shown in Fig. 2. “A” is the main line 
yw valve, “B” a check valve into the air chamber which 
oat be nearly as large as “A” and set to allow water to 
“oe the chamber. “C” is a gate valve or a plug cock smaller 
oo “RB”, “C” must be opened or closed by trial until it limits 
the flow of water from the air chamber enough to prevent 
slamming of valve “A,” and thereafter left in that position. 
The limited supply to the pipe damps out the surge, yet check 
valve “B” is large enough to admit a full stream to the air 
chamber and thus prevent excess pressure on the return flow. 
To correct slam in an existing check valve, an air chamber 


can be built into the cover plate of the valve (Fig. 3). Care 
must be taken to so adjust the size of such a chamber that suf- 
ficient water is returned to close the flap by the time the water 
comes to rest but not sufficient to produce a slam. 

This investigation was made about five years ago by the 
writer for the Los Angeles County Sanitation Districts and the 
data obtained applied to the correction of a number of trou- 
lesome conditions where valve slam was a problem. 

The writer is indebted to E. A. Rutledge of the Rensselaer 
Valve Company for testing the formulae on many successful 
water works installations. A. K. Warren is Chief Engineer 
and General Manager of the Sanitation Districts and A. M. 
Rawn is Assistant Chief Engineer. 








WATER SERVED AT WELL-WATER TEMPERATURE 


By WM. M. RAPP 
Superintendent of Distribution, Atlanta Water Depart- 
ment, Atlanta, Ga. 


A cool drink of pure water on a hot day is very refreshing 
but few municipalities or private concerns are equipped nor 
can they afford to supply artificially cooled water to their 
drinking fountains in parks, on golf links and elsewhere. 

The Atlanta Water Department has had two ground water- 
coolers, similar to the one shown in the accompanying illustra- 
tion, in service for the past four years and these proved to 
be so satisfactory that a third has been installed. From the 
functioning of this last installation the data shown on the 
sketch was obtained. 


When air temperature was 93 degrees F. the tap water tem- 
perature from the city mains was 87 degrees F., but the tem- 
perature of the water from the depth-cooler was 66 degrees F. 
A check up against water temperatures in wells in the vicinity 
showed that the warm tap water, after passing the copper 
coils of the earth cooler, was the same temperature as waters 
in the wells. 

The accompanying sketch tells its own story of how the 
coolers are constructed and the results obtained. 
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PRACTICAL HYDRAULICS* 





By P. S. WILSON 
Glen Ridge, N. J. 


|. The Sharp Crest Weir 


The so called Sharp Crest Weir is a very useful device for the 
measurement of water flowing in open channels or streams. A 
knowledge of the few simple rules governing the design and use 
of weirs will make it possible to measure the flow of water shed 
streams contributing to reservoirs, to estimate the overflow or 
leakage of dams and to make other measurements of use to the 
water works operator. 

By a Weir is meant a bulkhead or dam over which the water 
flows, or more particularly, a notch in the top of such a struc- 
ture through which the water flows. As shown in the illus- 
tration (Fig. 1), it usually consists of a rectangular notch and 
it is then known as a Rectangular Weir. 

The Crest of a weir is the bottom of the notch, the level to 
which the water must rise before any can flow over. It is the 
edge or sill over which the water flows. A weir is a Sharp 
Crest Weir when the bottom edge of the notch, or the crest, is 
constructed so as to be as sharp as possible, flush with the up- 
stream face of the dam, and with the opening beveled or en- 
larged on the downstream side so that the stream of water as 
it passes through the opening will only touch the crest along 
one sharp edge, as shown in Fig. 2. In the laboratory the crest 
is kept as sharp as a knife edge. In practice the edge of a metal 
plate or angle iron, as shown in the illustration, is usually sat- 
isfactory unless extreme accuracy is desired. The upstream 
face of the weir should be vertical, and of course the crest 
should be exactly horizontal. 

The Head on a weir is the difference in elevation between 
the crest of the weir and the surface of the water in the pool 
upstream from the weir. With any given weir there is a fixed 
relation between the head and the amount of water being dis- 
charged, thus by measuring the head the discharge may be de- 
termined from the formula or table which applies to that par- 
ticular form of weir in use. 

The relation between the head and the discharge of a weir 
is different with different forms of crest and different shapes 
of notches. Different formulas must be used with such dif- 
ferent weirs. The reason for making a weir sharp crested is 
that by so doing a weir can be built which can be used for the 
measurement of water without the necessity for making spe- 
cial tests to determine what the formula is. The formula for 
rectangular sharp crest weirs is known, and it has been found 
easier to reproduce standard conditions by the use of the sharp 
crest design than with most other forms. Most weirs built for 
the measurement of water are therefore constructed as sharp 
crest weirs. 


Weir Formulas 


One of the most commonly used formulas for use with rec- 
tangular sharp crest weirs is known as the Francis formula, 
named for its originator, Mr. J. B. Francis, who performed 
extensive experiments on weirs at Lowell, Mass., in 1851. This 
formula is as follows: 7 

O33 x LX kh X Vi 

In this formula :— 

Q = Discharge of the weir in cubic feet per second. 
I. = Length of the weir crest in feet. 
h = Head on the weir in feet. 


Vh= The square root of the head in feet. The square 
root of the head is the number which, multiplied by 
__ itself, equals the head. 

(h xX Vh is often expressed as h’*/*, but it is more readily 

computed if considered in the form given above.) 
Example: A sharp crest rectangular weir is 5.00 feet long 

and has a head of 0.42 feet (5 inches) on it. 

(The square root of 0.42 is 0.65, because 0.65 x 0.65 = 0.42.) 
Q = 3.33 X 5.00 X 0.42 x 0.65 = 4.55 cu. ft. per second. 
The Francis formula given above is most accurate for heads be- 
tween about 0.30 feet and 2.00 feet. A small error in deter- 
mining the head makes such a large error in the discharge at 
very low heads, that for most practical purposes this formula is 
sufficiently accurate at all heads up to about 2.00 feet, and it 
is fairly accurate for higher heads also. The great advantage 
of the Francis formula is the fact that it is much simpler to 


*From WATER WORKS AND SEWERAGE. 
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compute than most of the others. The principal ‘other for. 
mulas are known as the Bazin formula, the Fteley and Stearns 
formula and the Rehbock formula. A complete treatise may 
be referred to for the details of these other formulas. 

For convenience the results of the computations from a weir 
formula may be arranged in a table, as shown in Table I. The 
discharge read from the table may be multiplied by the length 
(in feet) of any sharp crest weir to obtain the discharge. 





Fig. 1—Rectangular Sharp Crest Weir 


TABLE I—DISCHARGE OF A SHARP CREST WEIR PER FOOT 
OF LENGTH BY THE FRANCIS FORMULA 


Discharge per Foot of 
Length of Weir Expressed in 


Head Expressed in Cubic Feet Gallons 









Feet Inches per Second per Minute 
01 1 .0033 1. 
02 A .0094 4.2 
.03 be .0173 7.8 
-04 % .0266 11.9 
05 5g .0372 16.7 
06 %4 .049 22.0 
07 i .062 27.7 
08 .075 33.8 
09 1% .090 40.4 
10 14 -105 47.2 
12 1% .138 62. 
14 1 .175 78. 
16 1% .213 96. 
18 2% .254 114. 
20 23% .298 134. 
22 2 .344 155. 
24 2% .392 176. 
26 3% .441 198. 
28 33g .49 222. 
30 356 .55 246. 
32 3% .60 271. 
34 4, .66 296. 
36 43% 72 323. 
38 4% 78 350. 
40 434 84 378. 
42 5 91 407. 
44 54 .97 436. 
46 5% 1.04 467. 
48 5% 1.11 497. 
50 6 1.18 530. 
55 654 1.36 610. 
60 7% 1.55 690. 
65 7% 1.75 780. 
7 83g 1.95 870. 
75 9 2.16 970. 
80 95% 2.38 1070. 
85 10%4 2.61 1170. 
90 10% 2.84 1270. 
95 1136 3708 1380. 

1.00 12 3.33 1500. 
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I. The End Contractions of a Weir 


There are two methods of constructing the ends of the weir. 
The first of these is shown in Fig. 3 and results in what is 
known as a weir with end contractions. In this design the sharp 
crest of the weir as formed by the bottom of the notch is con- 
tinued up the ends of the notch, thus forming sharp edged ends 
for the weir. The water in flowing around these sharp cor- 
ners then follows a course very similar to that taken in flow- 
ing over the edge of a sharp crest. In flowing around the edge 
from behind the weir it cannot change direction sharply and 
it curves inward toward the center of the weir contracting the 
stream as shown in the illustration. ; 

The other method of designing the ends of the notch is to 
build it so that it extends the full width of the stream at that 
point, allowing the sides of the channel to form the ends of 
the notch and continue upstream at that width for a short dis- 
tance, at least. An example of this method of construction is 
shown in Fig. 4. When so built it is known as a weir without 
end contractions because the water in this case flows straight 
over the crest, the stream continuing full width all the way. 
The weir thus consists of a simple dam or bulkhead across the 
channel. ‘4 

It may readily be seen that if two rectangular sharp crest 
weirs have the same length and are flowing under the same head, 
the one that has end contractions (Fig. 3) is not discharging 
as much water as the weir without end contractions (Fig. 4). 
It has been found by experimentation that with sharp edged 
ends and a wide channel above the weir, so that the over-fall- 
ing stream is fully contracted, the effect on the discharge of 
the weir is the same as if the length of the weir were reduced 
by a distance equal to one-tenth (0.1) of the head at each 
end of the weir. 

For example: A sharp crested, rectangular, vertical weir 
is three feet long and the ends are so constructed that the flow 
will be fully contracted. If the head is one foot, then the ef- 
fective length of the weir is reduced by one-tenth of a foot at 
each end making its effective length (3.0 — O.z) = 2.8 feet— 
a reduction in capacity of about 7 per cent from the capacity it 
would have had without end contractions. Failure to make this 
correction might constitute a rather serious error. 

If the head on the same 3 foot weir were only 0.1 foot in- 
stead of 1.0 foot (or if the length of the weir were increased 
to 30 feet with a head of 1.0 feet) then in either case the re- 
duction in effective length would be only about 0.7 per cent which 

















Fig. 3—Weir with End Contractions 


would be a negligible error except in the most precise measure- 
ments. 

It is thus seen that the importance of making the correction 
for end contractions depends upon the relative head and the 
length of the weir. If the head is more than one twentieth (5 
per cent) of the length then end contractions will require a 
correction of more than 1 per cent and should certainly be ac- 
counted for. 

_Weirs are seldom operated in practice under a head suffi- 
ciently great in proportion to the length that the correction for 
end contractions is of importance. In such cases it is evident 
that it does not matter how the ends of the weir are built. 
Many weirs under practical conditions are built so that they 
do not have theoretically sharp edged ends and yet neither 
are they ended against the sides of the stream channel. The 
ends may merely be formed by the wood or masonry of which 
the dam bulkhead is built. If such cases we know that there is 
some end contraction but we do not know how much. Such a 
weir should be checked up to determine whether the end con- 
traction correction would be of importance if it were complete. 
If it is found that the relation between the maximum head and 
the length of the weir is such that the correction would not be 




















Fig. 4—Weir Without End Contractions 


of importance (less than 1 per cent), then we know that it does 
not matter what it actually is and it can be neglected. It is 
found that the end contraction correction is of importance thea 
either it must be estimated or else actual measurements of the 
flow must be made to determine what the correction actually 
should be. Usually it can be estimated. It is a help in esti- 
mating to actually observe the form of the stream during dis- 
charge of the weir. 

If the relation between the length of the weir and the head 
is to be such that the end contraction correction will be of im- 
portance then the weir should, if possible, be built either with 
full contractions or with none at all so that the correction will 
be definitely known. 

A weir may be built with a sharp edge on one end only so 
that the end has a full contraction and so that the other end 
has no contraction. The correction in such a case is, of course, 
only one-tenth of the head to be subtracted from the weir 
length. 


lll. Measurement of Head on Weirs 


The measurement of flowing water by means of a weir de- 
pends in turn upon the measurement of the head of water on the 
weir. Having determined the weir formula to be used, depending 
upon the design of the weir crest, the presence or absence of end 
contractions and any other fixed condition, the recorded flow then 
depends upon the head. The head is the single remaining variable 
quantity. It is the quantity which is actually observed and meas- 
ured in the field, the desired knowledge as to the amount of water 
flowing being then computed by the use of the formula, table or 
diagram. It is assumed in this discussion that the flow over the 
weir is not affected by backwater from below. 

The head on a weir is the difference in elevation between the 
crest of the weir and the surface of the water in the pool upstream 
from the weir. Figure 1 is a vertical cross section through a 
sharp crest weir with water flowing over it under a head indicated 
by (h). The shape of the upper and lower water surfaces shown 
in this figure have been determined by measurement and have been 
found to have forms similar to these, rezardless of what the head 
is, so long as the weir has a sharp crest and a vertical upstream 
face. Under special conditions at low heads the water may, how- 
ever, cling to the downstream face of the weir. 

Figure 1 shcws clearly the fact that in this general case the 





Fig. 1—Characteristics of Water Flow Over a Weir 
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Fig. 2—Methods of Setting and Calibrating Weir Gages 


water only touches the crest along the one sharp edge and then 
leaps free. The arrows showing the converging stream indicate 
the reason for the shape which the lower surface of the water is 
found to take. There is one very important fact to be noted from 
Figure 1—namely, the upper surface of the water starts to curve 
downward before it reaches the weir. This results in the depth 
of water at the weir crest actually being only about 85/100ths of 
“h” (expressed as 0.85h)—the condition which makes it neces- 
sary to measure the height of the water surface at some distance 
upstream from the weir when determining the head. The height 
of the water surface should be measured at a point located up- 
stream from the weir a distance at least equal to three times the 
maximum head to be encountered. 


Measuring Gages 


The type and design of gage to be used to determine the water 
level depends upon the accuracy desired and the conditions under 
which it will operate. 


The Staff-Gage 


The simplest and most commonly used type of gage consists 
merely of a strip of wood or metal with the necessary graduations 
marked upon it. A section of a carpenter’s rule or a surveyor’s 
rod may be used if adequately waterproofed by varnishing. One 
of the best forms of gage board consists of a vitreous enameled 
ware metal plate mounted on a wood plank. The graduations and 
figures are baked into the enamel. Gages such as these, often 
called staff-gages, if well graduated and carefully read will en- 
able the water level to be determined to within about 0.01 feet, 
equivalent to about % inch. This is sufficiently accurate for most 
purposes other than studies requiring laboratory refinements. One 
of the greatest disadvantages of this type of gage, however, is 
the necessity for locating the observer’s eye near the water level 
when taking a reading. This is nct always convenient. Care must 
be taken to read at the true water surface and not the height 
to which the water surface curves upwards where it wets the 
gage. 

When mounting a staff-gage great care is needed to insure that 
the zero of the gage is exactly level with the crest of the weir 
and that it remains so. A small error in this respect will cause 
a large error in the results, particularly at low heads. Moreover, 
this error will always be in the same direction and will not tend 
to correct itself or be compensated for by other errors. 

3y the careful use of a surveyor’s level a gage may be set with 
sufficient accuracy. If a surveyor’s level is not available then the 
water surface itself may be used in the manner indicated in 
Figure 2. Choose a time when the water surface is not rising or 
falling too rapidly and preferably when it is lower than the weir 
crest. By means of a carpenter’s hand level and rule measure 
the distance (x) down to the water surface from the weir crest. 
Then measure up from the water surface at the gage location and 
set the gage zero the same distance (x) above the water level 
as the weir crest was found to be. Then, afterward, such gages 
should be regularly checked to be certain that they have not been 
moved, and that the zero point is correct. 


Plumb-Bob Gage 


Another form of gage is known as a plumb-bob gage. It con- 
sists of a graduated steel tape with a heavy plumb bob on its end. 


It is used to measure from a fixed reference mark, above water 
level, down to the water surface. By allowing it to swing slightly 
the contact of the plumb bob with the water surface may be very 
accurately noted. This naturally assumes the water surface to be 
smooth. The plumb-bob gage may be most accurately read if the 
tape is run over a curved block of wood, mounted permanently 
above the water, which has the reference mark fixed on its upper 
surface, as indicated in Figure 2. The zero reading on this type 
of gage may be determined by measuring down to the water sur- 
face from the weir crest as shown in Figure 2 and applying the 
correction factor determined by a simultaneous reading of the 
tape. 


Chain Gage 


A similar type of gage known as a chain gage is often used. For 
the tape a chain running over a wheel is substituted. With this 
arrangement the position of a marker attached to the chain above 
the wheel is read along a horizontal scale. This type of gage is 
not so accurate as the former and it is not advised for weir read- 
ings except in the case of rough work or high heads. It is often 
used for river heights where accuracy within about 0.05 feet is 
generally satisfactory. 

With all types of gages difficulty is introduced if the water level 
is disturbed by waves or surges. In the case of the gages above 
described this can only be overcome by the skill and patience of 
the operator in mentally averaging the indications while observ- 
ing them over a short period. Practice can develop considerable 
skill in doing this. 


IV. The Float Gage 


Probably the most accurate type of gage, if well designed and 
constructed, is a float gage. Besides its accuracy it also has other 
advantages. Difficulty in reading due to waves and surges may be 
most readily overcome with the float type gage which is readily 
adapted to the use of an automatic recording mechanism. They 
may be classified into two types. The simplest type consists of 
the float with a rigid vertical stem attached to and supported 
by the float, with an index or pointer at its upper end. The gage 
reading is obtained from the position of this pointer along a fixed 
vertical scale. In the other type of float gage the motion of the 
float is transmitted to some form of indicating or recording 
mechanism by means of a flexible wire or tape. 


The Float : 


A suitable float is the first essential. It must not become 
water logged, but must retain its buoyancy. To meet this condi- 
tion a hollow sheet metal float is generally used, and copper is 
the preferred material because of its resistance to corrosion, The 
seams must be well locked and thoroughly soldered. Earthenware 
floats have been used in sewage or other corrosive liquids. Floats 
are most often made cylindrical with the axis vertical, in order 
to fit in a float pipe and. for ease of construction. It is impor- 
tant to have the top and bottom dished outward so that the float 
cannot be weighted with water on top or lifted by air trapped 
beneath. The float should have at least three vertical fins project- 
ing a half inch or more from its sides in order to prevent it from 
clinging to the wall of the float pipe or well. Sometimes a spherical 
float is used, but in that case its weight, or its counterweight, 
should be adjusted so that it will float near its middle, in order to 
gain the maximum sensitivity. 
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Float Pipe 
Floats are 

stilling well. 

guide for the 


usually provided with some form of float pipe or 
This serves two principal purposes—it serves as a 
float, and by adjusting -s -~ of the communi- 
: ing into the float pipe the effect of waves or surges 
ee nee readings may be reduced. The use of a float pipe 
a makes it possible to locate the gage a short distance away 
pat the body of water being observed, the level in the float pipe 
being maintained by a small size connecting pipe. With such an ar- 
rangement care must be exercised to avoid air traps in the connect- 
ing pipe. The connecting pipe should be made of non-corrosive 
material and should be provided with convenient means for flushing 
it out. A float pipe should be provided with a cover, having only a 
small opening for the wire or tape, in order to prevent objects 
from falling in and lodging on the float. : 
If the gage mechanism is light and easily operated, a 5-in. 
diameter float in a 6-in. float pipe makes a good combination. Tf 
a high degree of sensitivity 1s desired, or if a recorder requiring 
some power to operate it 1s used, then a larger float is desirable, 
a 10-in. float in a 12-in. pipe, or even larger, being often used. 


Gage With Rigid Stem 

The type of float gage having a rigid stem is the simplest and 
is also probably capable of the closest reading with accuracy, 
since the only friction involved in its motion is due to whatever 
guides may be needed to keep the stem upright and in the correct 
position with relation to the scale. The effect of this friction in 
preventing accurate response of the gage to changes in the water 
level may be largely if 
not entirely avoided by 


Scale 
gently tapping the stem 
while reading the gage. 
Gages of this type, if 
properly designed and 
constructed, may be read 
directly to the nearest f } 
one thousandth of a foot _ Miata tas 
(0.001 ft.), which is pee von 
about the best in true 
accuracy that can be ex- ' r os 
pected from single read- a erm 
ings of any type of gage. ( 


An arrangement of iT 








this type of gage, which 
has been used extensive- 
ly and which is highly 
suitable for accurate 
weir head readings, is col Float 
shown in Fig. 1. In this 

design a 7-in. float may 
be used in an 8-in. float 
pipe. The float stem is a 
brass rod of about 3/16 
in. or 1% in. diameter, 
depending on the height. 
The best scale is made 
from a graduated brass 
strip about % in. thick. 
It is provided with a 
continuous projection along its back edge which serves to guide 
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Fig. 1—Float Gage with Stem 


the index or pointer in the correct position for easy reading, 
and to hold the stem vertically above the float. 


Gage With Flexible Wire 


The second type of float gage, using a flexible wire or tape, is 
more adaptable to different arrangements, since the motion is 
usually converted into a rotary motion by the wheel or drum on 
which the wire is wound, and thus the readings may be shown 
on a circular dial, or a recording mechanism may be operated. 
It is not always so simple to overcome the friction of motion in 
this type of gage, and for that reason it may not be read quite so 
accurately unless the float is larger than with the rigid stem type. 

A metal wire or tape is necessary for accurate readings in 
order to avoid changes in length due to stretching or moisture. 
The wire should be stranded, made from a large number of very 
small wires braided together, in order to be flexible and with- 
stand frequent bending. Either wire or tape must be of bronze or 
other non-rusting metal. 

The simplest arrangement of this type of gaze consists merely 
of passing the wire over a wheel or pulley and having a counter- 
weight on the end. Reading may then be taken from the motion 
of a pointer attached to the wire along a fixed vertical scale 
beside it. A very crude form of such a gage has often been seen 
on railroad water tanks. 

A more usual arrangement in water works practice is to attach 
the end of the float wire to a drum, around which it is then wound 
a number of turns. The counterweight is then hung from another 
wire similarly attached to the drum. By such design slipping of 
the wire is avoided and the revolution of the drum is a true 
measure of the change in water level. The drum is then connected 
to a rotating pointer on a dial or to a recording device. By intro- 
ducing suitable gearing a wide range of float motion may be 
shown as only a part of a revolution of the pointer on the dial, or 
other variations may be introduced changing the scale of readings 
to suit the conditions and the requirements. 

The drum upon which the wire is wound should be provided 
with spiral grooves to receive the wire so that it will be guided 
in a single layer and will not wind upon itself, thereby changing 
the effective diameter of the drum and affecting the accuracy of 
the gage. If desired, the drum receiving the counterweight wire 
may be smaller than the drum for the float wire, thereby resulting 
in a shorter travel for the counterweight where this is of any advan- 
tage. The counterweight should not become submerged, since its 
effective weight would thereby be altered and the submersion of 
the float changed. 


Gage With Tape 


If a tape is used it is customary to provide it with uniformly 
spaced perforations which fall over similarly spaced projecting 
pins on the drum, thereby preventing slipping. A tape is, of 
course, not wound around the drum, but merely passes over it 
once, with the counterweight on the end. The counterweight must 
then travel through the same range of motion that the float does. 


Indicators and Recorders 


Many good designs of indicating and recording instruments are 
commercialy available for use with floats and. which are adaptable 
to different conditions and requirements. Floats may also be 
utilized similarly to operate transmitters for long distance’ elec- 
trical transmission of gage readings, known as télemeters. 
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MAIN LINE METERING OF WATER AND 


SEWAGE 


PART I—PRIMARY ELEMENTS 


By L. D. CARLYON, M.E. 
Cleveland, Ohio 


In modern sewage plants and water works, metering equip- 
ment is now recognized for the important part it plays in ob- 
taining efficient control and operation. 

Regardless of type, large meters and registering devices de- 
pend upon the so-called “Venturi” principle for their operation. 
This consists of producing a differential pressure which varies 
in a definite and known relation to the rate of flow. The dif- 
ferential pressure is mechanically converted into terms of weight 
or volume and is so indicated and recorded by registering equip- 


ment. The actual registers themselves are constructed to provide 
various combinations of indicating, recording, and _ totalizing 
features. 


There are three commonly used devices, which can be inserted 
in fluid lines to produce the desired differential pressure. These 
are the Venturi tube, the flow nozzle, and the thin plate orifice. 
Each provides a reduction of the area through which the flow 
takes place, thereby causing an increase in velocity at this point 
with a corresponding localized reduction in pressure. The result 
is a differential in pressure between two areas of the Venturi 
tube, or on either side of the flow nozzle or orifice inserted in 
the pipe. Figure 4 illustrates the head differentials created by 
an orifice insert. 


For a given installation the primary element is designed and 
constructed so that when the maximum rate of flow occurs, a 
definite maximum head differential will be produced. This varies 
from a water differential of less than 10 inches to one of more 
than 200 inches, dependent upon the fluid to be measured, the 
Static pressure, the maximum capacity and the type of register. 

Although any one of the three primary elements (Venturi, 
flow nozzle, or plate orifice) can normally be used, there will 
usually be one of the three which is best suited to meet the exist- 
ing requirements. The selection is determined by a number of 
factors. These factors are to be dealt with in this article, with 
a view of better acquainting engineers, superintendents or opera- 
tors with the more important considerations in selection of meter- 
ing devices. It is hoped that some of the confusion concerning 
these devices which exists in the minds of some will be cleared 
away by the following discussion. 


Fundamental Comparisons 
The Venturi Tube 


The Venturi tube has been used for years in connection with 
projects of the hydraulic and sanitary engineer. As illustrated 
in Fig. 1, it is designed with a short cylindrical section at the 
inlet end of the tube, which is cast smooth inside. The high 
pressure connection is made at this point into the piezometer 
ring (Fig. 1, Section AA). 


*Mechanical Engineer, Bailey Meter Co. 
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rig. 1\—Venturi Tube. (Handholes and Cleanout Valves Are 
Used Only for Measurement of Screened Sewage or Sewage 
Sludges) 





Fig. 2—Venturi Throat Section for a 56-Inch Line, Constructed 
of Cast Iron with a Machined Bronze Liner 


Following the inlet section is an entrance cone of about 21 
degrees total angle, which leads to the short cylindrical throat 
section where the low pressure connection to the meter is made 
through another piezometer ring. At the throat the tube is 
flanged, and has a handhole which permits inspection of the 
throat and piezometer holes, as well as accurate measurement of 
the throat diameter. An exit cone, known as the diffuser, fol- 
lows the throat and has a total angle of approximately 5 degrees. 
This ends in a flange for connecting the tube to the pipe line 
flange. 

In certain cases due to objection to the laying length of the 
long Venturi tube or possibly for reasons of cost, a tube referred 
to as a “short Venturi” is used. It differs from the long tube 
primarily in that the angle of 
the exit cone is much greater 
(normally 13 to 15 degrees total 
angle), thus making the overall 
length much less than a long tube 
of corresponding diameter which 
is justified on the grounds that a 
smaller head loss is created. 

The majority of Venturi tubes 
are fabricated of cast iron and 
are provided with brass or bronze 


liners in the throat which are 
machined smooth within close 
tolerances. Small tubes of from 





1 to 2 inches diameter are often 
made of brass or bronze through- 
out and the entire length of the 
internal surface may be complete- 
ly machined all over. Very large 
ones have been constructed of concrete or steel plate with a cast 
iron throat section having a machined: bronze liner, such as 
shown in Fig. 2. 


Fig. 3—Flow Nozsle 


Flow Nozzle 

In many respects the flow nozzle (Fig. 3) may be considered 
to be a simplified Venturi tube. The entrance consists of a 
gradual curve of approximately one-quarter ellipse which leads 
the fluid smoothly into a short cylindrical throat section. Thus 
the discharge jet will have no contraction and will be the same 
diameter as the throat itself. 

Installation of the flow nozzle is made by inserting it between 
a pair of pipe flanges. The high pressure upstream connection 
is usually made by tapping the pipe line approximately 1 pipe 
diameter back of these flanges, and the low pressure connection 
is made on the line at a point just opposite the throat section 
of the nozzle. For the measurement of water, air, sewage oT 
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METERS, GAGES and CONTROLLERS for SEWAGE TREATMENT and WATER SUPPLY 





STANDARD BAILEY REGISTERS 





Open Float Tube Type—This register 
accurately measures the flow of sewage, 
sludge, dirty water or other liquids, using 
a Venturi tube, flow nozzle or orifice as 
the primary element. The external ap- 
pearance of this indicating, recording and 
integrating register is shown in the in- 
stallation photograph below. All parts 
are of stainless steel, copper, aluminum 
or other materials especially selected be- 
cause of their ability to withstand the 
corrosive action of sewage, gas and sludge. 

A high degree of accuracy is insured 
by a large float and a relatively large float 
motion applied through differential gear- 
ing and a cam to operate the register in 
direct proportion to the rate of flow. 


Ask for Bulletin No. 39. 


Ledoux Bell Type—This register, oper- we hn = 
ated by a mercury sealed Ledoux Bell is jrtegrating open float tube 
particularly well adapted to the measure- type Register. . 

ment of sewage, sludge or water under pressure or where wide 
changes in hydraulic gradient are encountered. When applied to 
the measurement of sewage or sludge, settling chambers are used 
and a supply of fresh water is introduced so that a constant flow 
exists from the register to the Venturi tube. This is, of course, 
unnecessary when the meter is applied to clean water 





























measurement. 
hee In the water works field this 





Hagen register is particularly well adapted 
Cl for use on discharge lines from 

centrifugal pumps, on gravity 
«ui mains, on branch lines in distri- 
_ bution systems, and in filtration 
|H—me plants to measure raw water, clear 
= water and wash water. 
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Suitable equipment can be fur- 
nished when it is desired to tota‘ize 








Section treush Gow mecke the flow through several lines. 


nism of Ledoux Bell type Write for Bulletin No. 301. 
Register. : 


Bailey Registers measuring Sewage, Sludge 
and Air in an operating gallery at Easterly 
Sewage Treatment Works, Cleveland, Ohio. 


Air Meters—These meters 
measure air flow in main lines 
and in individual lines to aer- 
ation tanks. It is desirable to 
meter both air and sewage to 
individual aeration tanks in 
order that they may be prop- 
erly proportioned for best 
results in consideration of 
such factors as quality of raw 
sewage, detention, tank agita- 
tion and economical use of air. 





























This register differs from 
the Ledoux Bell type, previ- 
ously described, only in the 
flow mechanism which in this case is designed to operate on a 
maximum differential of 8” of water. The motion of the oil 
sealed bell is transferred to the uniformly graduated chart by 
means of a forked lever, spindle and recording pen. Described in 
Bulletin No. 39, 

Remote Registers—Bailey Telemetering systems make it pos- 
sible to operate remote indicating, recording or integrating regis- 
ters, which may be installed at a distance from the direct con- 
nected unit. These registers may measure flow in individual lines, 
total flow, liquid level, pressure and other factors. 

Venturi Tubes—Standard Bailey Designs include a complete 
range of Venturi tubes and other primary elements suited to 
the measurement of sewage, sludge and water. The selection 
of a suitable primary element is governed by such factors as 
capacity required, type of flanges, pressure loss allowab'e and 
character of fluid to be metered. 
Controllers—Bailey Controllers utilize 
standard Bailey Meters and Recorders 
as the basic measurement source for the 
automatic control of factors, such as 
flow, ratio, pressure and liquid level 
They are operated by compressed air 
at approximately 35 Ibs. pressure and 
match perfectly with other Bailey gages 
and registers. 

Bailey control is fully automatic, de- 
pendable and exceptionally flexible. Ask 
for Bulletin No. 101. 











Section through flow mechanism 
of Air Meter 





Bailey Recorder— 
Controller. 


A eb LO RA Ens RS ARES SAS SN De 



















































ee eee ee 

















164 WATER WORKS AND SEWERAGE DATA 








3 
PIPE DIAMETERS 








Fig. 4—Diagram of “Stream Lines” in a Fluid Flowing Through 
a Circular Concentric Orifice in a Pipe, Pressures Existing at 
Various Distances from the Orifice 


sludge, flow nozzles are usually fabricated of bronze, the inside 
being very accurately machined. 


Thin Plate Orifice 


The thin plate, or sharp edged orifice, shown in Fig. 4 has 
been widely used for many years to measure the flow of fluids. 
In its simplest and most familiar form, the orifice is merely a 
hole in a flat plate which is clamped between flanges in the pipe 
line. It may be of 1/16 inch thickness or more, depending 
upon its diameter, and can be made of nickel, monel metal, steel 
or other suitable material. Flow meter literature abounds with 
results of thousands of experiments proving conclusively that the 
orifice operates on the same basic principles as does the Venturi 
tube and flow nozzle. 

Referring to Fig. 4 it will be noted that there is a well- 
defined Vena Contracta (plane of greatest contraction) on the 
down-stream side of the orifice plate, just as is observed when 
the stream from a sharp edged orifice discharges into the open 
air. The pressure on the outlet side of the orifice varies along 
the length of the pipe with the velosity of the stream itself, the 
observed pressure being least (differential the greatest) when 
the connection is exactly opposite the Vena Contracta. 

The location of the Vena Contracta remains constant regard- 
less of the rate of flow for any one installation. It assumes a 
slightly different position, however, with different ratios of orifice 
diameter to inside pipe diameter. For a given ration, its rela- 
tive position is independent of pipe size. The high pressure up- 
stream tap is made at approximately one pipe diameter back of 
the orifice, and the low pressure tap is made exactly opposite the 
Vena Contracta. Some manufacturers recommend that the taps 
be close to and on either side of the orifice plate; in this case it 
is necessary to obtain the orifice plate and the flanges as an 
integral assembly. 


Factors to Consider 


Before a metering element is specified or selected for a given 
project, six factors must be taken into consideration if the most 
suitable arrangement is to be secured; namely (1) initial cost, 
(2) installation, (3) accuracy, (4) reliability, (5) pressure loss, 
(6) capacity change. 


es 


The above factors may not appear in their order of importance 
for the item which is of primary importance for any one applica. 
tion will vary with conditions peculiar to that application, 


1. Initial Cost 

The initial cost (purchase price) of the primary element ma 
vary within wide limits. Figure 5 illustrates the approximate 
relationship between present-day prices of long Venturi tubes 
short tubes, bronze flow nozzles, and thin plate orifices. It will 
be noted that for a given size, the price decreases in the order 
named. Without question the orifice has a decided advantage 
with respect to initial cost, being approximately one-ninth that of 
a long Venturi tube of corresponding size. 

In the larger sizes, say above 24 inches, it is also possible to 
obtain orifices at prices from 20 to 25 per cent lower than those 
shown, by specifying a steel orifice plate having a nickel insert. 
This insert has the orifice hole machined in it and thus the more 
expensive metal is used only where it is essential. 

Very large Venturi tubes become cumbersome and expensive. 
On this account large tubes are frequently constructed of steel 
plate or concrete at its location and only the throat section js 
purchased from the meter manufacturer. 


2. Installation 

From the standpoint of ease of installation, the orifice or flow 
nozzle would be selected in preference to a Venturi tube. They 
need merely be inserted between a pair of flanges in the pipe line, 
but considerable care must be taken to center the element proper- 
ly, to make the pressure connections at the correct locations, and 
to see that there are no protrusions left on the inside of the pipe 
line as the result of making the taps. 

The Venturi tube being relatively larger and much heavier, 
more time and labor is required in the installation. If the pipe 
line is an existing one, it will be necessary to remove one or more 
sections of pipe and to provide filler pieces of the correct length 
so that the tube can be made a part of the line. On a new proj- 
ect, however, in comparing the cost of installing a Venturi tube 
a credit representing the cost of a section of straight pipe of the 
same length, which otherwise would be required if a flow nozzle 
or orifice were used, should be considered. 

Since the pressure taps are an integral part of the tube, these 
can be assumed to be correctly placed. 
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Fig. 5—Curves Showing the Approximate Purchase Prices (at 
Factory) of Various Types of Primary Elements. (The Curves 
for the Venturi Tubes Are Based on Weights Suitable for Use 
with Class A, B, and C Cast-Iron Pipe, and Do Not Include 
Handholes or Cleanout Valves Shown in Fig. 1) 
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Fig. 6—Eccentric Type Venturi Tube for Sewage or Sewage 
Sludges 


3. Accuracy 

When installed under suitable conditions, the three primary 
elements are very nearly equal when compared on the basis of 
accuracy obtainable; namely, within 1 per cent of 100—plus or 
minus. Due to small inaccuracies introduced by the register 
mechanism, however, manufacturers normally extend a conserva- 
tive guarantee that the reading will be within 2 per cent of 100 
plus or minus. In actual practice the accuracy always falls well 
within the limits of the guarantee. 

In order to insure accurate metering, all primary elements re- 
quire a certain length of straight pipe preceding the location. For 
the Venturi tube, 5 to 10 pipe diameters are usually adequate. 
For the flow nozzle or orifice types this requirement is between 
8 and 20 pipe diameters, depending on the ratio of orifice diam- 
eter to inside pipe diameter, and on the piping layout. Some- 
times these requirements cannot be met due to the piping layout. 
It is under such conditions that the short Venturi tube occasion- 
ally proves most suitable because it is from 30 to 45 per cent 
shorter than the long tube of like diameter. 

In order to preclude high readings on the registering device, 
the primary element should not be installed where the air or 
liquid flow is of a rapidly pulsating nature. Such a condition 
may be caused by water or sewage reciprocating pumps and by 
certain types of air blowers. It is sometimes possible to elim- 
inate pulsations or dampen them materially but where pulsating 
flow is likely to be a problem this factor should be called to the 
meter manufacturers’ attention; whereupon, specific recommenda- 
tions will be made. 


4. Reliability 

It is essential that the primary element retain its accuracy after 
installation and that it also provide continuity of satisfactory 
service. 

Screened sewages and sewage sludges present the greatest 
problem of measurement because of solid matter or gas which 
they contain. For this service the piezometer rings of the Ven- 
turi tube are equipped with cleanout valves (Fig. 1) which fa- 
cilitate routine cleaning operations to maintain the openings free 
from obstructions. Connections should be made at top and bot- 
tom of each ring for venting accumulating gas or draining sedi- 
ment. Handholes in each ring make the interior accessible. 

At low velocities the throat section of the Venturi tube may 
act as a dam causing foreign material to settle on the bottom of 
the inlet cone and, thereby, affecting the accuracy. A condition 
of this kind can be largely avoided by the use of an eccentric 
Venturi tube (Fig. 6) which differs from the ordinary tube only 
in the eccentric shape of the converging and the exit cones. The 
fact that the bottom of the tube lies in one horizontal plane 
makes it easier for solid materials to be swept through the tube. 







HIGH 
PRESSURE 
SUPPLY 





Fig. 7—Eccentric Type Orifice Installed in a Sewage Main, Illus- 
trating an Arrangement for Washing Collected Materials Off the 
Face of the Orifice Plate 


An installation of an orifice in a sewage line is illustrated in 
Fig. 7. Here also the eccentric type is of particular advantage 
in that solid materials pass through without obstruction. While 
there is even less chance of materials settling on the sharp edged 
opening than in the throat of a Venturi tube, there is a greater 
possibility of material collecting on the entrance side of the plate. 
For this reason it is desirable to provide a high pressure water 
supply into the pipe line (Fig. 7), for periodically washing off 
the face of the plate. 

A common method for the prevention of plugged taps, and to 
keep the meter connections clean and free of deposits is to intro- 
duce a continuous trickle of clean water through the connecting 
pressure lines to create a slow current into the main pipe line. 

Unless there is some especial factor involved, the flow nozzle 
should be avoided in metering sewage, because there is a ten- 
dency for materials to deposit in the throat section and to build 
up at the entrance. However, it has proved satisfactory where a 
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Fig. 8—Curves Showing the Net Differential Head Loss Created 

by Different Types of Primary Elements, Designed for a Max?- 

mum Differential of 53 Inches of Water, at a Maximum Capacity 
of 5,000 g.p.m., as Applied to a 20-Inch Water Main 


means has been provided for flushing out the entrance and throat 
frequently. 

Measurement of unscreened sewage should be avoided, except 
where there is no alternative, as for example when one com- 
munity has its sewage treated in the plant of another municipal- 
ity. The large heavy solids may cause greater wear and erosion 
on the primary element, and in the case of an orifice installation, 
there is the added danger of an object striking the plate with 
sufficient force to cause distortion. 

Comparatively little attention is required for primary elements 
in air lines or fresh water mains, and all three elements will 
function indefinitely with practically no attention. 


5. Pressure Loss 

The differential head created by any of the three primary ele- 
ments represents only a localized drop in pressure, most of which 
is restored upon resumption of normal flow a short distance fol- 
lowing the primary element as is pictured in Fig. 4. It is im- 
portant to hold head losses to a minimum, especially when ca- 
pacities are large and available head is at a premium, or where 
pumping is involved and power requirements must be considered. 

With the long Venturi tube, the pressure loss at any rate of 
flow is only approximately 15 per cent of the actual differential 
head produced by the element at that rate of flow, whereas with 
the short tube the loss is approximately 25 per cent. 

The percentage loss created by orifices or flow nozzles depends 
(Continued on page 168) 
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PRODUCTS ENGINEERING SERVICE 
Venturi Meters for Water, Sewage, Sludge, and Air; Nearly fifty years of continuous service with the 
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Fig. 1. Herschel Standard Venturi Tube 
VENTURI METERS for Water Works and Sewage Plants 
“VENTURI” Trade Mark Registered U. S. Patent Office 
4 nection from floats or from detached mercury wells for 
Venturi Tubes low heads. With special connections, fairly dense sludge 
can be measured. For air a differential oil well is sub- 
The Herschel Standard Venturi Tube (Fig. 1) usually stituted for the standard mercury wells. 
is made in two or more sections for water works’ use. 
The throat section is bronze lined and accurately ma- 
chined to correct diameter and established interior con- 
tour. For sewage and sludge measurement the tube is VENTURI RATE OF FLOW 
equipped with special vent cleaning valves and hand- 
holes. Flat invert tubes are available but experience CONTROLLERS FOR WATER 
indicates that they are rarely required since the relative 
high velocities and the unobstructed passageway of the 
standard Venturi shape prevents deposition. Efficient filtration requires the maintenance of a con- 
S-4 Design Tubes ar rhs | , aia a stant rate of flow through the filter bed. This is auto- 
: esign Tubes are somewhat shorter than Standard matically accomplished by the Venturi Rate of Flow 
Tubes. The non-interchangeability of throat sections Controller, installed in the effluent line, which gradually 
and somewhat higher head loss offset, somewhat, their opens as the sand friction of the bed increases. The 
prise aGvantage. Venturi Tube, as the primary element of this device, 
Control valves, usually of the cone type, are frequently provides the highly desirable combination of accurate 
placed in the outlet cones of Venturi Tubes, effecting rate control and small loss of head. 
rc savings in valve cost without sacrificing Several designs of Venturi Controllers are available: 
‘ a Direct Acting (Fig. 3) has a double disc, balanced 
rotary control-valve directly actuated by a sgliaphragm 
r ° e which is pressure-connected to the inlet and throat of 
Venturi Metering Instruments the Controller Tube. 
“Aa” "3s a gate valv ri specially-shaped 
Model D, Type M Register-Indicator-Recorder is the — sada eae eer eee a ponds 
latest in the line of well known Type M Venturi In- pilot valve unit admitting water pressure to a hydraulic 
struments which have earned an enviable reputation piston which positions the control valve automatically. 
for simplicity, sturdy construction, and maintained re- 
liability of performance. The illustration (Fig. 2) 
shows the modern appearance of the Model D, in har- Design “B” (Fig. 4) 
mony with present day water works and sewage plant uses a double butter- 
architecture. Indicator dial is at eye level with uni- fly valve of rectangu- 
formly spaced scale; Totalizer, is of same general de- alee aay valve 
+ . 2 a . . s rt ya 
sign as former Type M’s but enlarged and with impor- AM piston through a dif- 3 


tant mechanical improvements; Recording Chart is 12” ferential diaphragm pilot valve 








in diameter and furnishes a permanent record of flow unit connected to the inlet and 
variations. All dials are of translucent white pyralin, throat of the Venturi Controller 
engraved with black graduations and lettering and Tube. 
Fig. 2. Type M Regis- effectively illuminated. ace ; 
. " 5 ; , Provision is made in all types 
ter - Indicator - Recorder The Type M Register is connected to the Venturi Tube for conveniently setting the de- Fig. 3. Venturi Di- 


(Model D) by two pressure pipes for normal heads; by cable con- sired rate. rect-Acting Controller 
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Master Controllers—In large plants it is often desirable to set the 
ws of all of the individual effluent controllers from a central point 
a ntrol automatically from clear well levels. Builders Iron 
= -3 nga designed and furnished numerous master controllers, de- 
nt for the particular operating characteristics of each installation. 





Fig. 4. Venturi Controller—Hydraulically Operated 


BUILDERS WATER 
WORKS GAUGES 


The gauge illustrated (Fig. 5) is typically mod- 
ern, in keeping with modern filtration plant 
design. Rate of Flow Gauges respond to differ- 
ential pressures caused by flow through Venturi 
effluent controllers. Loss of Head Gauges show 
the difference in elevation between the water 
on the filter and head in the effluent pipes. 
Water Level Gauges are float and cable actuated; 
they show level of water in basins, reservoirs, 
etc., in feet or elevation. 


The internal mechanism of Builders Gauges is of 
bronze, aluminum, and other corrosion resisting 
materials. The exterior is neatly finished in 
black with chromium trim. Numerous designs 
are offered, in single and double dial indicating 
and recording types. sarge illuminated gauges 





or gauges of special design to conform to plant 
decoration, can be supplied. 


Fig. 5. Indicating 
Recording Gauge 


FLOW AND RATIO GAUGES 
FOR SEWAGE PLANTS 








Fig. 6. Five Dial Air, Sewage, and Sludge Flow and Ratio Gauge 


The trend in modern sewage plant operation is toward complete in- 
strumentation. To illustrate, the five dial gauge (Fig. 6) shows: 


1. Air to aeration tank 


2. Ratio of air to sewage: “Cubic feet of free air per 
gallon of sewage’”’ 


3. Raw sewage from primary tank to aeration tank 


4. Ratio of returned sludge to raw sewage, reading in 
per cent 


5. Sludge returned to aeration tank 


FLOW MEASUREMENT: 
Flumes, Nozzles, and Weirs 


. 
Builders Iron Foundry standard registers, adapted for float actuation, 
furnish a highly satisfactory means of indicating, recording, and 
totalizing the flow through Parshall Flumes. 


These Flumes have proved well suited for the measurement of flow 
through channels over a comparatively wide capacity range. They 


can be built almost entirely of concrete, with practically no limit 
as to size and capacity. 


KENNISON NOZZLE (Fig. 7)—has at- 
tracted favorable attention for the measure- 
ment of sewage from districts into sewer 
systems and for activated sludge from pri- 
mary settling tanks. Builders Iron Foundry 
recording instruments used with these 
nozzles can be graduated directly in rate of 
flow units. 


Standard Weirs are occasionally found use- 
ful under certain conditions measuring 
total incoming flow, plant output, by- 
passed storm flow, etc. Metering instru- 
ments for indicating and recording such Fig. 7. Kennison 
flow are available. 





Nozzle 


CHRONOFLO METER USES 


(“Chronofio” Trade Mark Registered in U. S. Pat. Office) 


DISTANT FLOW METERING 


Chronofio Meters have found a broad applica- 
tion in bringing to a central operating point, 
from widely scattered locations, accurate rec- 
ords of flow, level, pressure, temperature, gate 
position, and weight. Chronoflo Transmitters 
are electrically connected by a simple two- 
wire circuit to Chronoflo Indicating and Re- 
cording Instruments. 





RESERVOIR AND TANK 
ELEVATION GAUGES Fig. 8. Chronoflo 


Register-Recorder 

Chronoflo Indicating and Recording Gauges in- 

stalled, for instance, in the water works office 

downtown, continuously indicate and record level in outlying reser- 
voirs, tanks, or standpipes, allowing efficient operation of pumping 
stations and eliminating the necessity of taking such measurements 
manually. Any number of instruments can be actuated from a single 
transmitter and installed in locations convenient to the operating 
and supervisory staffs. 


DISTANT TRANSMIS- 
SION AND SUMMATION 


In Metropolitan Water and Sew- 
age Districts serving a group of 
towns and cities it is frequently 
desirable to add the totals of 
various individual meters installed 
in widely separated locations to 
determine the grand total flow. 
The Chronoflo Meter is peculiarly 
adapted for such services. Fig. 9 
shows a Chronoflo summation lay- 


out in which readings of six 





Venturi Meters of varying capaci- 


ties are totalled. 
Fig. 9. Totalizing Readings of Six 
Venturi Meters 4 


CONTINUOUS SLUDGE WEIGHING 


In many sewage plants efficiency of operation is de- 
termined by weight of filter cake being carried from 
rotary filters to final disposal. A recent development 
is the attachment of a special Chronoflo Weight Trans- 
mitter to a Toledo Automatic Scale which integrates 
on a counter and records on a continuous chart the 
total amount of material which has passed during 


any required period. The Chronoflo Totalizing and 





Recording Instrument for weight of conveyed material 


can be installed nearby or at any distance from the Fig. 10. 
Transmitter 
scale. on Scale 


RAW SEWAGE SUCTON WELL LEVEL 
AND PUMP CONTROL 


Under some conditions automatic control of sewage treatment plants 
should be provided. Such control must be designed for each par- 
ticular application. Builders Iron Foundry engineers are in a position 
in work with sewage plant designers in providing Venturi and 
Chronofio control devices for this service. 
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upon the ratio of the throat diameter to the internal pipe diam- 
eter—the smaller the throat or or?fice the greater the percentage 
loss. When designed for identical conditions of capacity, etc., 
the percentage loss will be virtually the same for both the orifice 
and the flow nozzle. 

As a typical example, assume that a water meter operating on 
a maximum differential head of 53 inches of water is to be ap- 
plied to a 20-inch main and to have a maximum capacity of 5,000 
g.p.m. The loss of head created at maximum flow by the various 
elements as shown by the curve in Fig. 8 would be: 

Long Venturi, 7.95 in. water (.15 X 53). 

Short Venturi, 13.25 in. water (.25 X 53). 

Orifice or Flow Nozzle, 29.15 in. water (.55 X 53). 

With a flow of 2,500 gallons per minute (14 of maximum) the 
losses produced would be only % of these values, because the 
differential head varies proportionately to the square of the rate 
of flow. 

Although the curves of Fig. 8 apply only to the specific ex- 
ample, it can readily be seen that conditions exist where, by use 
of a Veuturi tube, the reduced cost of pumping over a short 
period of time will more than offset the higher initial cost of 
the Venturi tube. 


6. Capacity Change 


An existing meter installation may at some time require an 
increase in maximum capacity to meet the requirements of in- 
creasing quantities of fluid handled by the system. This may be 
accomplished in three ways—either by providing a new primary 
element, by modifying the old one to handle the larger capacity, 
or by increasing to the required extent the maximum differential 
head with which the register functions. 

With the Venturi tube, the first two methods are costly, par- 
ticularly in the larger size and therefore the register differential 
is usually increased. It should be borne in mind, however, that 
with this method, at rates of flow exceeding the original maxi- 
mum capacity the pressure loss increases as the square of the 
flow. 

When an orifice or flow nozzle constitutes the primary element, 
a new one can usually be installed at reasonable cost. Since 
such a change necessitates a larger orifice the pressure loss will 
be lower than for the original installation, notwithstanding the 
increased flows handled. This naturally cannot be accomplished 
in cases where the primary element originally installed is already 
near the greatest ratio for which it can be designed. It is neces- 
sary then to increase the differential head of the register and 
suffer the head loss entailed or else to provide a duplicate in- 
stallation on a parallel twin line. 

Knowledge of the principles described and intelligent consid- 
eration of the six factors outlined above will aid materially in 
obtaining primary elements which are most suitable for the par- 
ticular project from the standpoint of both satisfactory operation 
and cost. 

Final decisions can be made only when complete details and 
figures are available pertinent to the specific problems under 
consideration. Therefore, it is important to supply meter manu- 
facturers with as complete data as possible concerning each con- 
templated meter installation, such as the type of fluid, maximum 
capacity, pipe diameter, pressure, and a dimensioned sketch of 
the piping layout. 


Part IJ—Secondary Elements 


The secondary element of large meters (more commonly known 
as a register) is actuated by the differential pressure and, through 
mechanical or electrical means, converts such into records or 
indications of the rate of flow. In addition a totalization of the 
weight or volume passing through the line is registered. 

Although there are many types and makes of registers, they 
depend upon only a few basically different types of mechanisms 
designed to utilize the differential head. These form the basis for 
much of the following discussion concerning secondary elements 
as applied to various services. 

Because of the extensive use of the Venturi tube as a primary 
element, it is desirable to have the register designed so that its 
capacity can be changed by increasing the maximum differential 
head upon which it functions without altering the primary element 
or connecting lines, thereby eliminating expensive replacement of 
tubes. 

Registers may be divided into two general classes of differential 
translating mechanisms; (1) the open float tube type, and (2) 
the pressure chamber type. 
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1—An example of the open float tube register for the 
(Courtesy of 


Fig. 
measurement of sewage, sludge, and dirty water. 
Bailey Meter Co.) 


The Open Float Tube Register 


The open float tube register is used only where the hydraulic 
gradient is relatively low and where changes in it are not severe. 
It is most extrensively used in metering sewages and sludge. 

One example of the open float operated register is shown in 
Fig. 1 and a diagrammatic installation of this register, Fig 2, 
illustrates its position relative to the float tubes, and the Venturi 
tube. 

One float tube is connected to the inlet and the other to the 
throat of the Venturi tube by pressure piping so that the water 
level in each tube will rise to a height corresponding to the pres- 
sure existing in the Venturi tube at the point where the connection 
is made. 

The rate of flow, represented by the difference in levels of the 
floats in the float tubes, is transmitted to the register by cables 
which are attached to sheaves as shown in Fig. 1. These cables 
operate the differential mechanism and square root cam which in 
turn transmit the rate of flow to the recording pen, the integrator 
and the indicator. A square root cam is employed to translate 
the differential into terms of flow so that the pen motion will be 
directly proportional to the rate of flow. 

Another function of the differential gearing system is to auto- 
matically compensate for variations in line pressure or hydraulic 
gradient. This mechanism is designed so that if both floats rise 
or fall an equal amount there will be no change in the position of 
the operating cam. However, if there is a change in the difference 
between the levels in the float tubes, this change immediately 
operates the square root cam which in turn moves the recording 
_ to a new position, thereby registering the variation in rate of 

ow. 

The maximum capacity of this float operated register can be 
altered by simply changing two sets of gears in the differential 
mechanism. This feature is provided to eliminate excessive costs 
for the replacement of the Venturi tube with modern equipment; 
wide variations in capacity can be obtained without removing the 
primary element from the line or disconnecting the meter in any 
way. 

The register itself is mounted on the operating floor immediately 
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Fig. 2.—An approved method of installing the open float tube 


register for the measurement of sewage or sludge. (Courtesy of 
Bailey Meter Co.) 
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Fig. 4.—One example of the pressure chamber type of register 
using a float. (Courtesy of Builders Iron Foundry.) 


above the float tubes. Cables are strung from the sheaves to the 
copper floats in the float tubes. This cable system is counter- 
weighted as shown in Figure 1 so that there is an even tension on 
the float cables at all times. The float tube covers are provided 
with small pulleys to guide the copper floats in the center of the 
tubes without undue friction in the mechanism. 

A satisfactory method of installing the float operated register 
is represented by Fig. 2. The float tubes are usually made of 
10-inch cast iron pipe and should be located directly below the 
register and as close to the Venturi tube as conditions will permit. 
A constant supply of fresh water is slowly introduced into the 
float tubes so that the water flows from the tubes out through 




















Fig. 3.—An example of the pressure chamber type of register 
using a mercury sealed bell. (Courtesy of Simplex Valve and 
Meter Co.) 


the pressure piping to the Venturi tube thereby minimizing the 
accumulation of solid matter in the system. Provision is also made 
for flushing out the pressure piping with clean water under pres- 
sure, and also for cleaning the inside surface with a brush or 
“ram” should such be necessary. The float tubes are fitted with 
shut-off valves and drain connections. 

The piping connecting the Venturi tube with the float tubes 
is sloped (grade of %-inch or more per foot) to prevent air or 
gas from becoming trapped in the piping and causing false levels 
to exist in the float tubes. The piping should be of 1-inch or 
larger copper or red brass pipe joined together with crosses at 
all changes of direction so that it may be rammed or brushed 
clean by removing the pipe plugs from each end of the run to 
be cleaned. Gate valves should be used on these lines instead of 
globe valves because they open to provide a free and unrestricted 
passage through the pressure piping, which is necessary to facili- 
tate cleaning. 

The fresh water supply piping may be readily constructed of 
copper tubing and compression fittings. Copper tubing of % inch 
diameter usually furnishes sufficient fresh water for the sight 
feeds. 

Vents, leading to a point above the maximum hydraulic gradient, 
should be provided at the inlet and throat rings of the Venturi tube 
as shown in Fig. 2. To insure continuous venting, these vents 
should be left open at all times except when flushing the piezometer 
rings. 

The “standard” arrangement of register and float tubes (Fig. 

(Continued on page 172) 
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SIMPLEX VALVE & METER COMPANY 


6749 Upland Street, Philadelphia, Pa. 


ATLANTA, GA., W. D. Taulman, 
179 Spring St., S.W. 


BOSTON, MASS., Hayes Pump and 
Mchy. Co., 125 Purchase St. 

CHARLOTTE, N. C., T. C. Heyward, 
Independence Building 


CHATTANOOGA, TENN. E. N. 
Shelton Co., 1010 Georgia Ave. 


CHICAGO, ILL., A. F. Barron, 
59 East Van Buren Street 


CLEVELAND, OHIO, A. MacLachlan 


SIMPLEX REPRESENTATIVES 


DENVER, COLO., Denver Fire Clay 
Co., 1742 Champa St. 


DETROIT, MICH., DuBois Company, 
2832 E. Grand Bivd. 


EL PASO, TEXAS, LeRoy G. Hetrick, 
209 Mills Building 


HOUSTON, TEXAS, M. N. Dannen- 
baum Co., 1001 Shell Bldg. 


LOS ANGELES, CALIF., Ralph W. 
Lawton, 1115 So. Hope St. 


LOUISVILLE, KY., R. M. Overstreet, 


MILWAUKEE, WIS., F. H. Dorner, 
1107 E. Knapp Street 


MINNEAPOLIS, MINN., Kent-Ervin 
Engr. Co., 732 Builders Exch. Bldg. 


NEW ORLEANS, LA., A. C. Hays, 
1415 Carondelet Bldg. 


NEW YORK, N. Y., W. K. Sowdon, 
342 Madison Avenue 


OMAHA, NEBR., O. F. Barklage & 
Co., Keen Hotel Bldg. 


PITTSBURGH, PA., Ross Mechan- 


ROCHESTER, N. Y., A. L. Covill 
1041 Granite Bldg. : 

SALT LAKE CITY, UTAH, bp 
Fire Clay Co., 157 W. Sesuns 
South Street 

SAN FRANCISCO, CAL., Water Works 
Supply Co., 501 Howard St. 

SEATTLE, WASH., H. D. Fowler 
419 Smith Towers : 

TULSA, QOKLA., McGregor & Thi. 
lenius, P. O. Box 1141 

TORONTO, ONT., CANADA, Simplex 





Co., 1740 E. 12th St. 1441 Se. 4th Street 


ical Supply Co., 435 Water St. Valve & Meter Co. of Canada, Ltd. 





PRODUCTS: 


Simplex Venturi Type Meters for Measurement of Water, 
Sewage, Sewage-Sludge, and Air; Filter Rate of Flow Con- 
trollers; Loss of Head and Rate of Flo Gauges; Simplex Pump 
Casing Tap Meters; Pilot Tubes and Manometers; Portable 
Pitot Recorders; Water Level Gauges; Air Release and Air and 
Vacuum Valves; Proportional Chemical Feeding Devices; Sew- 
age Aerators; Rotary Distributors; Hydraulic Equipment of 
Special Design; Sand Expansion Indicators. 


SIMPLEX METER REGISTERS: 


Primarily designed for use with Venturi tubes, Simplex meter 
registers are also used with Simplex pitot rods, orifice plates, and 
pump casing taps, as primary actuating devices. They are de- 
signed for use in measuring liquors and gases under all pressure 
conditions and are particularly fitted for the measurement of raw 
water, wash water, filtered water, raw sewage, screened sewage, 
mixed liquor, raw sludge, digested sludge, and air. 





Noted for their ability to operate under small Venturi heads, 
Simplex meter registers measure accurately flows corresponding 
to water differentials of from 1%” and up. Particularly designed 
to measure accurately the slightest change in rate of discharge, 
Simplex meters can be furnished to either indicate, record, or 
totalize the flow, or in any combination of these functions. Sim- 


plex meter registers of standard form are also furnished for the 
measurement of discharge through egg-shaped flumes, Parschall 
Venturi flumes, weirs, and other forms of primary devices 
wherein a free-falling discharge is present. 


Simplex meter registers can be arranged for mechanical 
totalization of the flow from any number of individual instru- 
ments whereby the total flow can be transmitted to either a large 
dial indicator, a total flow recorder, or a complete summation 
meter of the indicating, recording, and totalizing type. 


Simplex meter registers can be operated by air differentials, 
thereby preventing the entrance of any sewage, sludge, or corro- 
sive liquors into the metter float cylinder. 


Each instrument has included with it as a standard item of 
equipment a device whereby its accuracy and sensitivity can be 
checked at any time during its period of service. 


SIMPLEX FILTER RATE OF FLOW 
CONTROLLERS: 


Provide an efficient device for the operation of gravity or pres- 
sure filters which maintain the rate of discharge through the bed 
at a constant, regardless of variations in pressure or water level, 
utilizing as an operating means only the pressure effect of the 
water flowing through the filter effluent line. 


Simplex Controllers operate with the lowest obtainable head 
losses when wide open; attain the highest degree of accuracy in 
control without the use of compensating mechanisms; and are 
capable of covering the largest possible ratio from maximum to 
minimum rates with any given size of unit; avoid the use of any 
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electrical mechanisms in their operation; start quickly from a 
wide open position, and take the rate for which set in less than 
fifteen seconds. 

The Simplex, direct-acting controller is arranged for either 
straight-through, right, or left-hand outlet as may be desired, 
and can be installed in either a vertical or horizontal line, as 
required. 

Simplex rate of flow controllers can be equipped with the 
Simplex master control system, whereby the rate through the en- 
tire battery of filter units can be changed from a single point on 
the operating floor or wherein the rate through each controller 
unit will vary with the elevation of water on the filter or in the 
clearwell. 

Simplex rate controllers can also be arranged with means for 
changing the rate from the operating floor. 


SIMPLEX FILTER GAUGES: 


These may be furnished in any combinations of indicating, re- 
cording, and totalizing rate of flow with indicating and recording 
of lost head. 

Simplex gauges are of the mercury float operated type, wherein 
the Simplex bell-shaped float is used to provide uniform gradua- 
tions of flow on both indicating dial and recording chart. 

Similar in design to the Simp!ex meter register, Simplex filter 
gauges respond to the slightest variations in rate or loss, and will 
measure accurately over the entire range with an average error 
not exceeding + 3%. 





Simplex rate of flow gauges have been arranged for totaliza- 
tion, wherein there is shown on a single 24” diameter dial gauge, 
located on the operating floor, the total flow through any or all 
of the controller units. There can be mechanically linked to the 
total flow indicator, chemical feeders or chlorinators, thereby pro- 
viding accurate control of the chemical dosage at all time dur- 
ing the plant run. 


Also available for measuring the depth of water in clear wells, 
wash water tanks, sedimentation basins, are Simplex water float 
operated gauges, which can also be furnished in any combination 
of the indicating and recording types. 

Simplex gauges are accurate, dependable, and easily installed— 
a high-grade quality product, made with precision and care. 


SIMPLEX AIR RELEASE AND AIR AND 
VACUUM VALVES: 


In the design and operation of large steel pipe lines flowing 
under gravity, consideration should be given to the possibility 
of collapse, in case, for any reason, the internal pressure is re- 
duced below that of atmosphere. 


Simplex Air and Vacuum Valves are used on large mains, 
where there is danger of collapse, due to vacuum; the valve 
breaking the vacuum, thus preventing collapse. They facilitate 
the filling of the main, since wide open until full of water. 





Simplex Automatic Air Release Valves have been designed to 
release, automatically, accumulations of air. They possess the 
merits of continuous operation without attention; simplicity; 
compactness; accessibility, and low cost, all of which are proved 
by over fifteen years’ satisfaction to many users. Located on the 
high portions of the line, they insure automatic venting of the 
line and a continuous flow. 


SIMPLEX PITOT TUBE RECORDERS: 


For use with Simplex 
Round or Flat Pitot Rods 
—afford not only a record 

of velocity but can be 
furnished with pressure 
elements to give simul- 
taneous readings of ve- | 
locity and pressure. 


Me 5") 
| 
! 
‘ 






This equipment may 
also be used for Water 
Waste Surveys or for 
conducting water flow 
investigations. 


Indispensable to water 
works engineers for de- 
termining character of | 
the flow in the mains 
of the distribution sys- 
tem. 


SIMPLEX SEWAGE EQUIPMENT: 


The Simplex Valve & Meter Company is the Eastern dis 
tributor for the Simplex Ejector & Aerator Corporation, Chi- 
cago, manufacturers of a complete line of sewage treatment 
equipment, including screens; clarifiers; mechanical surface 
aerators, for activated sludge plants; revolving sewage dis- 
tributors; ejectors; and, as well, the newly-developed Sim- 
plex Aero-Filter. Competent engineers are at your service 
to assist you in your problems. 
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Fig. 5—A recommended method of installing the pressure cham- 
ber register, whether bell or float type, for the measurement of 
sewage or sludge. (Courtesy of Bailey Meter Co.) 
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2) is not satisfactory in cases where the maximum hydraulic er 

dient rises above the register location. For installaticn under a 
conditions, the register may be mounted at an elevation below th 
float tubes and motion of the floats can be transferred to jt - 
running the cables over a suitable arrangement of pulleys, Com 
ditions of this kind can also be satisfactorily handled by the 
pressure chamber type of register and the sight feed system de- 
scribed in the following section. 


Pressure Chamber Register 


Where line pressures are high, or when wide changes in the 
hydraulic gradient are to be encountered, the pressure chamber 
operated register should be used. With this type of meter, the 
pressure piping from the primary element is connected directly to 
the flow mechanism of the register which contains either a bell 
or a float. 

One example of a pressure chamber register using a bell js 
shown in Fig. 3. The actuating mechanism, a hollow float of bell 
shape which is sealed in mercury, is subjected on the outside to 
the higher pressure from the approach side of the primary ele- 
ment and on the inside to the lower pressure. The float is shaped 
so that the resultant downward movement, from its position at 
zero differential head to the position of equilibrium, is directly 
proportional to the instantaneous rate of flow through the primary 
element. 

Movement of the float is transmitted to a sheave, usually by a 
flexible cable provided with a counterweight and sheave clamp. 
The sheave is fixed to a shaft carried on pivot bearings. After 
passing through the stuffing box, the shaft further supports the 
flow pointer, the recording pen, and the integrating mechanism. 

An example of the float type of pressure chamber register is 
illustrated in Fig. 4. The pressure connections from the primary 
element are connected to the two sides of a mercury U-tube, the 
higher pressure being connected to the tapered well, and the lower 
pressure to the well containing the float. As the rate of flow varies 
through the primary element, the mercury level in the U-tube will 
also vary, thus raising or lowering the float. This motion, through 
the rack and gear, provides the motive power for operating the 
indicating, recording, and integrating mechanisms. 

The specially tapered well of the U-tube partially extracts the 
square root of the differential, and the remainder of the function 
is converted by a shaped cam in the register so designed that actual 
motion of the recording pen and indicator becomes directly pro- 
portional to the rate of flow. 

One method of installing the pressure chamber type of register 
in accordance with good engineering practice is represented by 
Fig. 5. Foreign matter is prevented from entering the register 
flow mechanism and connecting piping by the open sight feeds 
and the settling chambers. The sight feeds cause fresh water to 
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Fig. 6.—An example of the pressure chamber register using an oil sealed bell for measuring air. (Courtesy of Bailey Meter Co.) 
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flow from the settling chambers back through the pressure piping 
to the piezometer rings of the Venturi tube. This flow opposes 
the tendency of solid matter to work into the piezometer rings and 
pressure piping. The settling chambers, installed between the 
pressure piping and the copper tubing connecting lines to the 
register, collect and permit disposal of any solid matter which 
may work into the piping. 

The pressure piping is of 1-inch or larger brass or copper. To 
facilitate cleaning, crosses are used for fittings, as shown in the 
illustration. From the settling chambers to the register, 14-inch 
copper tubing and fittings are suitable. — hs 

Open sight feeds are recommended in order to eliminate the 
possibility of water contamination by a direct cross-connection 
between the fresh water supply and the sewage system. If pre- 
ferred, or if the maximum hydraulic gradient is too high to permit 
the convenient use of open sight feeds, closed sight feeds (see 
Fig. 5) can be used provided that the water supply to which they 
are connected is wholly independent of the city water. In some 
cases, an intermittent type of flushing system is used which utilizes 
city water. This however, requires the attention of an operator 
to establish and maintain the cross-connection and disconnect it 
when manual attention ceases. A flushing connection to the inlet 
and throat rings of the Venturi tube is also recommended. 

When it is necessary to measure the flow through a line in 
which the hydraulic gradient varies over a wide range, and at 
the same time to locate the register above the minimum hydraulic 
gradient, the flow mechanism may be detached from the register 
and mounted at a lower elevation than the registering instruments. 
In this case, the movement of the flow mechanism is transmitted 
to the indicating, recording, and integrating devices by means of 
flexible cables. 


Air Meters 


For the measurement of air for aeration in the activated sludge 
type of sewage treatment plant, or mixing and partial aeration in 
chemical treatment, the translating mechanism of the register must 
of necessity function with a small differential head inasmuch as 
the static pressure of the air itself is low. Under these conditions 
the pressure chamber type of register is applied, but the sealing 
fluid usually is oil instead of mercury. 

One type of meter used with air is represented in Fig. 6. The 





differential pressure is applied across the oil sealed bell to which 
is attached a specially shaped displacer which changes its immer- 
sion in mercury as the bell rises and falls with changes in differ- 
ential pressures. The large size of the oil sealed bell permits 
operation on very low differentials, yet retaining ample power for 
the operation of the registering devices. The shaped displacer 
becomes directly proportional to the rate of flow. 

Installation of air meters is a relatively simple task since 
¥-inch copper tubing with compression fittings, or brass pipe and 
fittings, may be connected from the primary element directly to 
the pressure chamber of the register. Settling chambers are not 
necessary. 


Water Meters 


For the measurement of clear water the pressure chamber reg- 
ister as described for sewage measurement is recommended. These 
meters are in service in the water works field on discharge lines 
from centrifugal pumps, on gravity mains, on branch lines in dis- 
tribution systems, and in filtration plants to measure raw water, 
clear water, and wash water and rates of filtration. 

The installation of the register when applied to clean water is 
as simple as that of an air meter. Direct connections from primary 
element to pressure chamber may be made with %-inch copper 
tubing or brass pipe. Settling chambers are not usually necessary, 
nor are the sight feed supply systems. 


Register Instruments 


The register instruments contain relatively simple mechanical or 
electrical devices which react in accordance with the movements 
of the flow mechanism to provide indications, chart records, and 
an integration. 

It is advantageous if these instruments are designed so that 
additional equipment can be easily installed in them at any time 
for commanding the operation of auxiliary registers, signal de- 
vices, and controllers. This feature simplifies expansion of the 
services rendered by the main register such as operation of remcte 
registers, totalization of flow through two or more influent lines 
to continuously indicate the capacity at which the plant is func- 
tioning. Likewise, for the automatic control by flow or the ratio 
of quantity of sludge returned to the aeration tanks. 





PHIPPS & BIRD. INC. 


LABORATORY APPARATUS AND CHEMICALS 


915 East Carey Street 


PHIPPS & BIRD LABORATORY MIXER 


The Phipps & Bird Mixer is designed for alum floc forma- 
tion determination in treated water. The speed of the 
paddles may be varied from 15 r.p.m. to 110 r.p.m. 

These are the standard units: 


Three unit size 
Four unit size 
Five unit size 
Six unit size 





We also manufacture Solution Feeders, Baldwin Alumina 
Outfits, Fermentation Tube Supports, and are distributors 
of Laboratory Apparatus and Chemicals 


RICHMOND, VA. 


COMBINED TWENTY DEGREE INCUBATOR 
AND REFRIGERATOR 


The Allied Twenty Degree Incubator and Refrigerator 
In the left hand chamber 


consists of two insulated chambers. 
a temperature as low 
as five degrees Centi- 
grade (forty degrees 
Fahrenheit) may be 
maintained. In the 
right hand chamber, 
a temperature of twen- 
ty degrees plus or 
minus one degree Cen- 
tigrade is maintained. 
One of the chambers 
in the lower part 
houses the refrigerat- 
ing unit and the other 
may be used for stor- 
age purposes. This is 
used extensively for 
B. O. D. determina- 
tions. 
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THE PARSHALL FLUME FOR MEASURING SEWAGE FLOWS + 


It's Theory and Applications 
BY NORMAN C. WITTWER 


Sanitary and Hydraulic Engineer, Rahway, N. J. 


Most sanitary engineers and sewage works operators are fa- 
miliar with the conventional devices for measuring and recording 
the flow of water. These comprise the various types of over-fall 
we-rs and the Venturi tube. The Venturi flume in its present 
form as improved by Parshall’ is not so generally known, and 
has not been used to any great extent in connection with sewerage 
practice. 

However, for measuring the flow of water or sewage in open 
channels, this device has several distinct advantages: 

(1) The accuracy of measurement is at least comparable with 
that of any of the standard forms of weirs. 

2) The loss of head is relatively small and, varying with de- 
gree of submergence, becomes approximately one-fourth the loss 
of head for a standard weir. 

(3) It will withstand a high degree of submergence without 
affecting the rate of free flow discharge. 

(4) Unlike the weir, it is little affected by condition or velocity 
of approach. 

(5) Unlike the weir, it is self-scouring, and operates without 
trouble in waters carrying large amounts of sand or grit. 

(6) It is not easily altered in dimensions for wilful erroneous 
measurements. 

(7) It has all plane surfaces and is easily constructed in most 
channels. 

















One-Half of a Parshall (10-Ft.) Flume, Looking Down Stream 
to Throat Section, Providence, R. J. 























Indicating, Integrator and Recording Flow Instrument, Actuated 
by Parshall Flume, Providence, R. I. 


(8) Operation is simple because it has no adjustable or moving 
parts. 

(9) For most installations, the measurement of but one head 
(the inlet) is necessary. 

Collaborating with other experiments, Ralph L. Parshall, 
Senior Irrigation Engineer of the Bureau of Agricultural Engi- 
neering, U. S. Dept. of Agriculture, after making literally thou- 
sands of calibrations at the Fort Collins, Colo., Experiment Sta- 
tion, devised the Venturi flume as it is known today, calling it 
“The Improved Venturi Flume.”* The American Society of Civil 
Engineers in 1930 officially changed its name to “The Parshall 
Flume” in honor of its originator. It was originally developed 
for use in connection with irrigation, and has since found wide 
application in the central-west and western irrigation districts. 

The Parshall Venturi flume has been applied to the measure- 
ment of sewage flows at the Providence, ’R. I., Sewage Treatment 
Plant, where a flume with a ten-foot wide throat is being used to 
measure flows varying from 5 to 120 million gallons per day.? At 
the Walden, N. Y., Sewage Treatment Plant a flume with a 9- 
inch wide throat is being used to measure flows varying from 
5,000 to 1,200,000 gallons per day.* At Newark, N. Y., a flume 
with a 12-inch wide throat is being used to measure all the sewage 
passed through the sewage treatment plant.’ Some years ago the 
writer incorporated a Venturi flume with a 6-inch wide throat 
into the design of a 1 m.g.d. sewage treatment plant for Maple 
a N. J., where the available head through the plant was very 
imited. 


Applications 


The Parshall flume is particularly advantageous in measuring 
sewage where the available head is limited, and a nearly flat 





*From WATER WoRKS AND SEWERAGE, July, 1936. 
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TABLE 1—LOSS OF HEAD FOR GIVEN DISCHARGES, THROUGH PARSHALL FLUMES AND VARIOUS 
TYPES OF WEIRS 











90 Tri- 

——— Parshall Flume* ———- —Standard Rectangular Weir— -—Standard Cipolletti Weir— angular 

6-In 1-Ft. 2-Ft. 4-Ft. 6-In. 1-Ft. 2-Ft. 4-Ft. 6-In. 1-Ft. 2-Ft. 4-Ft. Notch 

Discharge Throat, Throat, Throat, Throat, Crest, Crest, Crest, Crest, Crest, Crest, Crest, Crest, Weir, 
Sec. Ft. Ft. Ft. Ft. Ft. Ft. Ft. Ft. Ft. Ft. Ft. Ft. Ft. Ft. 
isi aiien vadnate yes RS a er ee ey 
eee 0.11 rae: oO 0.46 0.29 0.18 biel 0.43 0.28 0.18 a 0.52 
errr re Te 0.18 0.13 ie 0.74 0.46 0.29 0.18 0.64 0.44 0.28 0.18 0.69 
Serre re 0.31 0.21 0.15 1.16 0.75 0.46 0.29 0.96 0.69 0.45 0.28 0.92 
Ser er eas’ 0.27 0.18 vie cat 0.99 0.61 0.38 0.88 0.58 0.37 1.08 
Serr 2 0.39 0.24 0.13 a 0.86 0.53 Pes 0.82 0.52 1.32 
 ssteieGucaedeces 0.50 0.31 0.20 1.13 0.70 1.06 0.68 oa 

(err 0.60 0.39 0.25 bate 0.85 1.27 0.83 


*70% submergence. 


hydrulic gradient is mandatory. Table I illustrates comparative 

losses of heads for free-flow through Venturi flumes and over 

various standard types of weirs. 

TABLE 2—STANDARD DIMENSIONS AND CAPACI- 
TIES OF PARSHALL’S FLUME 


(Letters refer to Figure 1) 


+(3) To serve as a control for the automatic dosage of chlorine 
and other chemicals in proportion to the flow of sewage. 
+(4) To measure and control the amount of return sludge in 
an activated sludge plant. 
In a sewerage district, to measure the sewage flows con- 
tributed by the various member municipalities. 


Throat oat 

Width .——————Dimensions in Feet and Inches—————— Principle of the Parshall Flume 
W ; 2,4 ; Ey. FG By examining Figure 1, it will be seen that the flume converges 
Ft. Ft.In. Ft.In. Ft. In. Ft.In. Ft. In. Ft. Ft. In. to its narrow or throat section. As the water approaches the 
05 21% 14% 2 13% 1 3% 1 2 4% throat, the velocity is constantly increased. It is still further in- 
10 46 3 44% 2 2. 2-3 9 creased after passing over the “crest,’’ which is the junction of 
20 5 3.4 410% 3 Sits, 2 3 8 the level upper floor and the throat door at E. With the momen- 
3.0 56 3 8 5 4% 4 Sim 2 3 9 tum thus acquired, the water is carried upward over the sloping 
40 6 4 510% 5 6 44 2 3 9 floor of the diverging section and on through the flume. This 
5. 6 6 44 6 4% 6 , ae? = 4S unrestricted condition of flow is called “free flow.” 


As stated above, the accuracy of the Parshall-Venturi flume is 
comparable with that of the standard weirs, and it can be used 
for any purpose which the standard weirs serve. Its principal 
applications may be listed as follows: 

(1) To measure the entire flow through a plant or pumping 
station. 

7(2) To proportion the flow through units operating in parallel. 


If the grade of the channel downstream from the flume is re- 
duced, the water, after passing through the flume, is resisted and 
checked in velocity, causing a backing up into the diverging sec- 
tion. If the water is backed up sufficiently to cause the surface 


+The Parshall Flume, of itself, naturally can not perform du- 
ties 2, 3 and 4 unless the accessory-mechanical equipment, simi- 
lar to that employed with Venturi Tubes, is provided. 
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PARSHALL FLUME 





Fig. 1—Parshall Flume in Plan and Section 














176 





WATER WORKS AND SEWERAGE DATA 





Free-Fiow Discharge in Million Gallons Day 





Head H,"in Feet 


PARSHALL FLUME 
—EE=S=S==— 


—S===E=TO 
Free-Flow Discnarce Curves 
For 


6-incn, 1,2 &3-Foor Wive THRoaTs 


per 


PARSHALL FLUME 
EB] |S 
Free-Frow Oiscnarce Curves 


‘OR 
1,2&3-Foor Wice Throats 





Figs 2a and 2b—Discharge Curve of Parshall Flume 


elevation of the water in the diverging section to attain the same 
level as that of the crest, a condition of zero submergence is said 
to exist. Still further backing up of the water will cause the ele- 
vation of the water surface in the diverging section to rise, pro- 
ducing what is called a hydraulic jump. Under such conditions, 
the flow is said to be submerged, the percentage of submergence 
being the ratio of the throat head (H») to the upper head (Ha), 
both being measured from the crest as a datum. The discharge 
of the flume is not reduced by moderate percentages of sub- 
mergence, and is considered as having the characteristics of free- 
flow below the critical percentages. The 6-inch flume has free- 
low characteristics up to 50 per cent submergence, and the 1-foot, 
2-foot and 3-foot flumes up to 70 per cent submergence. For 
ordinary installations, Parshall flumes should be installed with 
freeflow conditions. 

Free-Flow Formula: For free-flow characteristics, as stated 
above, only the gage reading (Ha) at (a) need be measured. 

For the 6-inch flume, the formula for free-flow discharge is: 

Q:=2.06 Hal-58 
or Q.=1.331 Hal-58 
For 1 foot to 10-foot flumes, the formula for free-flow discharge 


=: 
O.=4 W Hal.522wo.% 
or Q.=2.585 W Hal-522Ww°-%6 
where Q:=Quantity of flow in second-feet. 
Q.=Quantity of flow in million gallons per day. 
W=Width of throat in feet. 
H»=Upper head in feet. 














A 10-Ft. Parshall Flume in Service. The Hydraulic Jump Just 
Downstream of the Throat Is Plainly Visible 


Figs. 2a and 2b are convenient charts for obtaining free-flow 
discharges for small and medium size plant needs. While experi- 
ments have shown the reliability and accuracy of the 6-inch flume 
above an Ha value of .80 feet, it is advisable to use a larger flume 
for flows in excess of 1 m.g.d. 


Construction: By referring again to Figure 1, it will be seen 
that the flume has only plane surfaces. It may be constructed of 
concrete, or if for temporary use, of dressed cypress or white pine 
properly braced across the top. Two-inch lumber is recommended 
for the bottom and sides of the timber flume, with 4 by 4-inch 
sills and posts. If constructed of concrete, the crest should be 
formed by casting a medium size angle iron in the floor, as shown 
in Figure 1. 

Measuring Sewage Flow: The measuring or recording device 
may be any of the home-made or commercial types of apparatus 
ordinarily used for this purpose. It may be an indicating staff 
gage, a graphic recording float gage mounted over the float-well. 
Or, in larger permanent installations, an indicating, recording and 
integrating instrument may be located at a point not far re- 
moved from the flume. The readings can be electrically trans- 
mitted to distant points such as has been successfully done at 
the Providence, R. I., Sewage Treatment Works. 


Summary: 


1. The Parshall flume is adaptable to the measurement of 

sewage flows. 

It particularly meets low-head requirements. 

It is simple and easy to construct. 

Its maintenance requirements are negligible. 

It can be connected with any of the conventional measur- 
ing and recording instruments. 

Acknowledgment: To Mr. Ralph L. Parshall and the Colorado 
Experiment Station, the author wishes to express his appreciation 
for their kind permission to make use of much of the data which 
appeared in bulletins dealing with the Parshall (Venturi) flume. 
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PRACTICAL ELECTRICITY IN THE PLANT 


The A. B. C.’s of Electricity for the Water and Sewage Works Man 


By MARSDEN C. SMITH 
Engineer Water and Electricity, Department Public Utilities, Richmond, Va. 





Taken from a series of short articles* by Mr. Smith, 
dealing with the A.B.C.’s of practical electricity for water 
works and sewage plant operators. 

The author, a graduate electrical engineer, is a well 
known water works operator. He is, thereby, peculiarly 
well qualified to present these discussions, which should be 
of considerable benefit to operators and designers less 
thoroughly grounded in electrical matters. 

If there are points in his contributions not clear to the 
reader, Mr. Smith offers to answer inquiries. 











HE increasing use of electricity 
ie water and sewage treatment 

plants produces problems of de- 
sign, operation and maintenance with 
which the engineer in charge is gen- 
erally but little familiar. Fortunately, 
while advanced electrical engineering 
is a very involved subject, a helpful 
and useful knowledge of its funda- 
mental principles can be obtained quite 
readily by the trained personnel of 
such plant. To that limited end the 
presentation of this series of articles* 
is confined. : 











The Author 


PART I—ELECTRICAL UNITS 
The Volt 


One of the most important units of electricity is the Volt. It 
is the unit of electrical pressure. Just as we measure water force 
or pressure in units of pounds per square inch or feet of head, 
the unit of electromotive (electric moving) force is the volt. In 
equations, its symbol is E. Voltage is sometimes expressed in 
print as the emf—abbreviation for electric-motive force. 

Standard voltages are 110, 220, 440, 2,200, 4,000, and 13,200. 
The individual for whom these articles are intended is rarely con- 
cerned with voltages in excess of 2,200. Furthermore, the 110 
volt standard is now in the process of change, and seems to be 
quite generally replaced by a standard of 120 volts. 

Extra-heavy fittings and greater precautions are necessary 
with greater water pressures; so too, must greater care be taken 
both of life and property when higher electrical pressures are 
used. However, pressures of as little as 110 volts, in common 
domestic use, may prove fatal and care should always be taken 
to avoid personal contact with even these relatively low pressure 
circuits. 

Most electrical apparatus is designed to operate at one of the 
above mentioned standard voltages. The use of other than these 
standards is both unnecessary and uneconomical. Incandescent 
lamps are generally rated at from 110 to 125 volts in five-volt 
increments. They may be obtained designed for 220 volts, but 
such lamps are not recommended except where no 110-volt serv- 
ice is available. Even then safety and economy demand the use 
of 110-volt lamps if possible. 


Some Practical Considerations 


Lamps are very sensitive to voltage change; and the operator 
should see that the lamps are purchased for the circuits on which 
they are to be used. For example, if the average voltage at the 
station is known to be 118 volts, 120-volt lamps should be used. 
Here the use of 110-volt lamps would increase the lamp replace- 
ment cost by almost 300 per cent. 





*From WATER WORKS AND SEWERAGE, issues of October and De- 
cember, 1936; February and April, 1937. 





Motors are not nearly so sensitive to voltage change as are 
lamps and will operate successfully at applied voltages within 
10 per cent above or below normal rated voltage. Greater voltage 
variation will generally cause excessive heating and unsuccessful 
operation. 

Small motors (less than 5 horse-power) are usually single 
phase and operate at standard lamp voltages. Large motors, 5 
to 50 H.P., are cheaper when designed for 220 or 440 volts. 
Larger than 50 H.P. should be designed for 2,200 volts. Of 
course, local conditions may change these recommendations. One 
large plant has motors from 3 to 300 H.P. The station designers 
used 2,200 to 440-volt transformers; motors between 50 to 300 
H.P. were ordered for 440 volts. A second set of transformers 
reduced the 440 volts to 220 volts for the smaller motors (up to 
50 H.P.). Certainly this is unfortunate, because the larger and 
more expensive motors would have been of less first cost if de- 
signed for 2,200 volts, and the 2 to 5 per cent transformer losses, 
which materially increases operating costs, would have been 
saved. The smaller motors could all have been 440-volt type, 
thus here again would have been saved the second transformer 
losses. Here we see an evident error that a better understand- 
ing of the problem of electricity in design would have avoided. 


Other than electrical engineers often fear the use of 2,200 volts. 
It is true, that there is no need for this higher potential, unless 
the size and number of motors justifies its use. However, where 
the total of as much as two or three hundred horse-power is re- 
quired for motors larger than 50 H.P., the higher potentials are 
certainly advisable. 


The. relative advantage of the use of 220 or 440 volts as the 
operating voltage for the smaller motors is not so definite. How- 
ever, for larger plants 440 volts seems more desirable. Safety 
requires the same care with 220 volts as with 440 volts, and a 
much wider range of motor sizes can be more economically 
operated at this than at 220 volts. 


The Ampere 


The second important unit of electricity to be considered is the 
Ampere. 


It is the unit of electrical rate of flow. We are familiar with 
the various measures of the rate of flow of liquids; gallons per 
minute, etc.; so we should think of the unit rate of flow of 
electricity as the ampere. In equations its symbol is generally 
(I). In print Amperes are sometimes abbreviated to “Amp.” 
Larger pipes are required to carry larger rates of flow of water 
economically; so too, larger wires are needed to carry larger cur- 
rents (amperes) economically. Small pipes may be uneconomical 
because friction causes too great loss of water pressure. In 
exactly the same way, wires may be too small for the amperage 
(current flow) and cause an uneconomical loss of electrical pres- 
sure (voltage drop). 

There are no standard currents as in the case for the voltage 
rating of electrical apparatus. Each appliance, lamps, heating 
devices, etc., takes from the circuit a current dependent upon its 
design and lack of resistance to flow. Motors require, for ex- 
ample, a current that varies with the load. All electrical ap- 
pafatus (except lamps) should have its normal current rating 
stamped upon its nameplate. Lamp current is determined by 
dividing its watt rating by its rated voltage. 

However, there are certain appliarices such as wire, fuses and 
switches that are rated in terms of the current they may safely 
carry; thus currents are to this extent standardized. The plant 
manager should realize that these current ratings are fixed by 
the National Electric Code, and he should not permit greater 
current to flow through accessories than the limits established 
by this code. Oftentimes circuits are fused far beyond the rated 
capacity of the wire, which is supposedly being protected by the 
fuse. Such practice is both uneconomical and dangerous. 

Most appliances, including motors, are connected between the 
supply lines, that is, in parallel. In this way the circuit voltage 
is impressed upon each appliance, causing a current to flow 
through the appliance of a quantity dependent upon its rating 
and load. These increments of current are added, hence the sup- 
ply w:res carry greater and greater total current as we work 
back toward the source of power. For example: Five 1,000-watt 
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lamps rated 100 volts each require 10 amperes. Let us designate 
these as numbers one to five, from that nearest the supply to the 
most remote. Both wires between the supply and the first (No. 
1) lamp carry 50 amperes; between 1 and 2, 40 amperes, and so 
on until between 4 and 5 the current has reduced to 10 amperes, 
or that required by No. 5—the last lamp. They all have (prac- 
tically) the same voltages as the supply applied to their terminals. 


Some Practical Considerations 


When installing new apparatus there are two considerations 
of great importance: (1) Use wire of ample conductor size. 
(2) Employ insulation having a large factor of safety. For low 
potential circuits (less than 600 volts) 30 per cent pure rubber 
insulation will generally prove more economical than the stand- 
ard code insulation. Particularly is this true in water and 
sewage treatment plants due to the prevalence of dampness in 
such locations. For 2,200-volt circuits rubber insulated cable 
is more easily installed than is varnished cambric cables. Rubber 
depreciates must more rapidly when subjected to heat and grease 
or oil than does varnished cambric, but it is less affected by mois- 
ture. For this reason, varnished cambric is never used without 
some form of outer coating, usually lead. Modern synthetic 
resins and other compounds are rapidly proving their value for 
use as the outer protective coating, materially lessening the in- 
stallation difficulties. These coatings are deserving of considera- 
tion. 

In general, where expert electrical maintenance is not avail- 
able, the proper thickness of 30 per cent pure-rubber insulation, 
on conductors of adequate size for the current they will ever 
have to carry, will certainly well repay the increased investment 
cost. Where such expert maintenance is available, varnished 
cambric insulation may prove better for 2,200-volt circuits. 


The Ohm 


The unit of electrical resistance is the Ohm. 
symbol is (R) 

If we close the spigot, even though there be water pressure 
at the valve, no water can flow because the resistance is too 
great. The same result is obtained when opening an electric 
switch; the pressure (voltage) still exists but the resistance 
(ohms) become so great that no current (amperes) can flow. 
This is an example of localized resistance. 

Electrical resistance may be distributed, in fact ts distributed 
along the conductor just as is the pipe resistance to water flow 
proportional to its size, length and condition. Fortunately, in 
electrical circuits the loss of voltage (pressure) is always directly 
proportional to the resistance and rate of current flow. There- 
fore, the loss of power (to be discussed in the next article) is 
proportional to the resistance and the square of the rate of flow 
or current. 

An electrical device, such as a lamp, does not use or destroy 
current in the sense that an oil lamp consumes oil, but by its 
relatively high resistance limits the current that may flow as a 
result of the impressed electromotive force—voltage. Thus we 
have the simple but important equation known as Ohm’s Law: 


In equations its 


wm INS tee EHO! 


1) 
There are no standards of resistance; however, the established 
resistance per unit length of electrical conductors and resistance 
alloys may be found in any electrical engineer’s handbook. 


Direct vs. Alternating Current 


Formula (1) applies to circuits that contain resistance only, 
or in which the frequency is zero, as in the case of direct current. 
This term frequency must now be understood. If the polarity 
between two wires (A and B) of a circuit is not changed, the 
current. flow will always be in one direction in the wires, thus 
constituting what is termed direct-current—(D.C.). If we alter- 
nate wires A and B from one side of the source to the other, 
once each % second, the direction of current flow in A and B 
will reverse once every % second, and will begin to flow in the 
original or same direction in a given conductor once every sec- 
ond. Electrically we would say that there was being produced 
“An electromotive force (current) having a frequency of one 
cycle per second.” Fundamentally that is the difference between 
alternating and direct currents. Modern alternating currents 
closely follow the sine law in their time-potential value: and the 
standard frequency in this country is now sixty cycles per second. 

Wheh direct current is applied to a coil of copper or other 
wire (having resistance R) wound around iron, if the current and 
voltage be carefully measured, equation 1 will be found to apply. 
When an alternating voltage is applied this equation no longer 
can be used. This is because any magnetic circuit is an inductive 
circuit, and the effect of an inductance is to divide the alternat- 
ing current into two components which are at right angles to 








one another. Hence to obtain the same current through the ¢o;] 
when an alternating voltage is applied, a greater voltage is re. 
quired than when a direct voltage is used. So for alternating cur- 
rent circuits equation 1 becomes: 

EY . ee ee eee (2) 
in which Z is the impedance of the circuit. 

Many devices, such as heating appliances and lamps have little 
or no inductance; hence may be used on either direct or alternat- 
ing current circuits of the rated voltage; but inductive devices 
such as transformers and motors, cannot be used on direct cur. 
rent circuits unless especially designed for the purpose. 


Transformers 


The engineer for whom these articles are intended rarely js 
concerned with the use of transformers; however, a brief dis- 
cussion of them is advisable. The standard transformer consists 
of two stationary coils of wire insulated from one another and 
wound around a common iron core. A special class, the auto- 
transformer, commonly used for motor starters, has only one 
winding with connections to some desired turn between the two 
end turns. 

Of the winding in the auto-transformers, the turns connected 
to the power supply is the primary; the secondary winding js 
connected to the load. The voltage change between the primary 
and secondary is in direct ratio to the number of turns used in 
the two windings; conversely, the current is in the inverse ratio 
to the number of turns. Hence a transformer may be used to 
increase voltage as readily as to reduce it—the so-called “step. 
down.” Many deaths have resulted from opening the high voltage 
switch, assuming the transformer “dead,” when in fact the 110- 
volt side was still energized thus producing normal high voltage 
in the primary. 

Instrument transformers are especially designed to accurately 
reduce the potential or current, as the case may be, for metering 
and other purposes. Care should be taken to always connect the 
secondary terminals of current transformers together with wire 
(short-circuit them) if the secondary circuit must be disconnected 
for any purpose while the primary continues to carry current. 

It is well to know that transformers, if kept cool enough, can 
safely carry much greater than rated loads. Cold winter weather 
and artificial ventilation around the tanks is effective, but hot 
locations and days are dangerous. Tank temperatures should 
never exceed 90 degrees C. Contamination of the oil by dirt or 
even traces of moisture must be avoided. In larger units the oil 
should be examined monthly by a competent inspector. 


The Watt 


Another very important unit of electricity is the Watt, which 
is the unit of electrical power. The more commonly used unit 
is the Kilowatt, which is one thousand watts. The symbol for 
the Watt is (W); for the Kilowatt (KW). The mechanical 
unit of power is horse-power; one horse-power (H.P.) is the 
equivalent of 746 watts or 0.746 kilowatts. Due to the fact that 
the efficiency of small motors is approximately 75 per cent, the 
input in kilowatts is, by coincidence, closely the same as the me- 
chanical output in horse-power. 

With direct current, electrical power is the product of the 
current (I) and the voltage (E). Thus we have: 

DTIEE Schl iste Ghls dua eye umane heimmeleneeate (3) 

However, substituting for (E) from equation (1), wherein 
E = RI, we have: 


PEE wevesnrisearindassenssverrenseuel (4) 
Or similarly, substituting for (I) where I = — in the same 
equation: , 
SE veceeesensereeesens asascnaredaeeeae (5) 


Now, it becomes evident that electrical power varies directly 
with both current and voltage, if resistance is not considered, but 
as the square of* either (E or I) if the resistance is considered. 


PART 2 
POWER FACTOR; ITS SIGNIFICANCE 


With alternating currents equation (3) becomes the more 
familiar form, and— 
ye) 8 ern errr (6) 
In this equation the Cos @ is designated as the power-factor. 
If an alternating current circuit contains resistance only (no 
capacity or inductance) the angle @ becomes zero; hence, its 
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alas unity. Electrical installa- 
tions in water and sewage treat- j 4p id 
ment plants rarely contain suffi- GRouno inate 
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importance, and in practical in- 


staliations may reduce the power 
factor as much as 30 per cent. 

The actual mathematical value 
of the power-factor of practical 
circuits is difficult to compute; 
however, it is well for the en- 
gineer to have some idea as to 
the values that may be expected. 
Incandescent lamps and heating 
devices, since they contain but 
little inductance, are virtually 
non-inductive ; hence, their power- 
factor closely approaches unity. 
Motors and transformers vary 
through very wide limits. Of 
course, a transformer being high- 
ly inductive when delivering no 
load, its power-factor is quite 
near zero; but, at rated load the 
power-factor becomes quite nearly 
that of the circuit being supplied 
by the transformer. Small motors, 
up to 5 h.p., require power at not 
more than 60 per cent power- 
factor; particularly so when op- 
erating at light loads. Large in- 
duction motors, at full load, now 
may operate at as high as 94 per 
cent; and, synchronous motors, 
more fully discussed in coming 
articles, may be operated almost 
as desired. 

The objection to low power- 
factors is that larger currents 
are required for the same power, 
thus increasing power losses in 
the whole electrical system. Fur- 
thermore, low power - factors 
cause much wider voltage varia- 
tions than do greater loads with 
higher power-factors. For this 
reason many power companies 
offer reduced rates to those con- 
sumers whose apparatus consti- 
tutes a load having a favorable 
power-factor. This fact may be 
of value to many larger opera- 
tors. It is true, however, that 
plant operators can exercise but 
limited control over the power- 
factor of their stations except through the selection and opera- 
tion of the motors. This phase of the subject will be later dis- 
cussed when motors and their characteristics are considered. 


The Kilowatt-Hour 

The kilowatt-hour (KwHr) is the unit by which electric power 
is generally sold. As its name implies, it is the average power 
consumed, in kilowatts, multiplied by the number of hours in- 
volved. For example: if an electric iron is operated for two 
hours at average rating of 600 watts, there is used 600 X 2= 1200 
watt-hours, or 1.2 KwHrs. 

The volt-ampere (VA) is the product of the volts and amperes 
of a circuit or an appliance, without reference to power. Thus, 
the transformer is always rated in kilo-volt-amperes (KVA) be- 
cause its parts can be designed for the voltage and current value 
desired, but the power-factor of its load may vary through wide 
lim'ts. Thus we see that: 

4. oe 8 se es ee oe (7) 

Hence, if we are to know the safe load for a transformer rated 
at 100 KVA, we must first detefmine the power-factor of the 
load to be connected. If we may assume the load to be one-half 
lamps and one-half small motors; we may approximate the aver- 
age power-factor to be 82 per cent. Hence, by equation (7) we 
find Kw = 100 X 0.82 (82 Kw) to be the safe load for this 
case, 


FIG1 








FIG 4 
Circuits: Figs. 1, 2, 3 and 4 


The Cos 6, which we now recognize to be the power-factor, is 
actually the cosine of the angle of time-phase displacement be- 
tween the current and the voitage of an alternating current cir- 
cuit containing “capacity” or inductance. 


Circuits 


The term, “phase,” is also applied to designate the circuits of 
an alternating current system. In the “Single-Phase” system the 
voltages are in the same time-phase in all parts of the system. 
In the “Two-Phase” system, the two voltages are 90 degrees 
apart. In the “Three-Phase” system they are 120 degrees apart. 

In another sense, there are in effect one or two or three cir- 
cuits in the single, the two or the three-phase systems. Of course, 
the power-factor may be different in each phase; hence the cur- 
rents in the phases may not be of exactly the same angular dif- 
ference as the voltages producing these currents. 

The simplest circuit is that comprising the single-phase (two- 
wire) system, as in Fig. 1. This is used for the final branch 
circuit of larger systems, and in case of small loads, including 
most residences, it is always used. 

The single-phase, three-wire system is next in capacity and 
in frequency of use. Single-phase, two-wire branches are con- 
nected thereto as’ shown in Fig. 2. The evident advantage of 
three wires over the two-wire system is that when loads are 
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balanced, the neutral carries no return current, hence the lamps 
and appliances operate at 120 volts, whereas the circuit operates 
at 240 volts. In this way twice as much power can be carried 
over the same wires, by merely adding one additional wire. 


Grounding Practice 


The neutral must be grounded. It should be the same size as 
the phase wires; and, it must not be fused or connected to any 
switch, and the wire used for the neutral must have white cover- 
ing for identification, and the neutral must be connected to 
the white screw in all receptacles. In the single-phase, two-wire 
system one of the wires must be grounded and the same rules 
as given for the neutral conductor wire must be observed. 

(Grounding practice as it affects water works piping will be 
given some discussion at a later point in this article.) 


Three-Phase Standard for Heavy Duty 


The three-phase (three-wire) system is standard for motor 
loads. If lighting is required, the neutral of one transformer 
(made larger to carry the additional load) is brought out as in 
Fig. 3. Most power companies limit the single-phase load that 
may thus be supplied to 50 KVA. In addition, this method of 
supplying the lighting loads makes service interruptions more 
frequent because of the necessity for grounding one of the trans- 
former windings. Perhaps most serious of all is the objectionable 
flicker in the lights obtained when starting motors, particularly 
elevators connected to the system. Of course, economy often rules 
and hence this system is frequently used; but unless the motors 
are relatively small, and are started very infrequently; it is un- 
doubtedly better to separate the lighting and very small motors 
from the power system. 

The formula for power in the different systems, with balanced 
load, is given in the following table: 

Max.V olts 
to Ground 
Here E=120 120 


System Power 
Single-Phase (Two-Wire)P = EICos0 
Single-Phase(Three-Wire)P = FICos@ Here E=240 120 
Two-Phase (Four-Wire) P=2EICos® Here E=120 120 
Three-Phase (Delta) P = V3EICos® Here E=240 207.8* 
Three-Phase (Y) P = V3EICos® Here E=207.8 120 








*Volts to ground on lighting circuits is 120. 
_The two-phase (four-wire) system is so little used that no 
discussion is necessary. 


PART 3—CIRCUIT PROTECTION 


Fuses and all electrical circuit-breakers are similar in function 
to the safety valve on a boiler; and hence they should be 
seriously considered. They are all intended to open the circuit, 
thus stopping the flow of current, should the current exceed a 
predetermined or dangerous rate through these safety devices. 

While the problem of circuit protection becomes at times quite 
involved, still there is much that can here be discussed to advan- 
tage. In the first place, the Natinal Electric Code is now almost 
universally accepted as the authority for the safe utilization of 
electricity in all except central station systems. Consequently, the 
engineer should obtain a copy of this useful and important 
publication. 


Fuses and Circuit Breakers 


Fuses are the cheapest and simplest of all protective devices. 
They consist of a piece of relatively high resistance alloy wire 
or tape, designed to melt, and thereby part, at the current at 
which the fuse is rated. The wire is enclosed in a suitable flame- 
proof case to prevent ignition of surrounding materials at the 
time the fuse flashes and melts. The use of fuses is now confined 
almost entirely to circuits the importance of which does not jus- 
tify the more expensive and accurate devices. The type now 
approved, known as the “refillable type,” permits the renewal of 
the fuse link, using the expensive part (the cartridge) over and 
over again. 

For those applications in which the replacement of fuses is 
frequently necessary, thermal relays or air circuit breakers are 
to be recommended. Motor circuits fall in this classification. 
Thermal relays and circuit breakers can permit a greater than 
rated current pass for a short time, as during the starting period 
of a motor, and therefore are of especial advantage for this 
service. The current capacity as well as the voltage ratings of 
this class of protective devices are limited, and when greater 
limits are needed the oil circuit breaker must be used. 

The oil used in circuit breakers must be especially selected 
for this service; and no other oil should ever be used. This 
precaution is essential for the reason that the oil must have high 






insulation value, high flash point, low carbon content, and Wide 
temperature viscosity constant—all in order to quickly quench the 
arc that is formed with each opening of the contacts. 


Relays 


The overload operation of an oil circuit breaker js usual] 
actuated by an auxiliary device known as a relay. Relays per 
be of several types: the instantaneous, the inverse time limit oa 
others. The modern relays are truly marvelous devices; however 
the types needed by the water works plants are, in the main: ' 

(1) The Instantaneous Type—dash-potted relays with direct 
mechanical trip. Here a coil which carries all or a definite part 
of the load current raises a solenoid when the current flow exceeds 
a predetermined value. The rising solenoid mechanically releases 
a trigger, which in turn permits the oil circuit breaker to open 
An oil-filled dash-pot retards the solenoid movement. The dash- 
pot opening is adjustable, hence the time for opening with a given 
over-current can be selected as desired. The oil in the dash-pot 
should be inspected at intervals and replaced if dirt or sludge 
has accumulated. While rather crude, this device is sufficiently 
accurate for the protection of most small motor circuits. 

(2) The Air Bellows Type—This type is not much used now. 
An air bellows, with an adjustable escape valve, is substituted 
for the oil dash-pot described above. 

(3) The Induction Type—This relay is more expensive than 
those above mentioned, but its use is justified in the protec- 
tion of all important cicuits. 

With the induction relay, when the current exceeds the desired 
value, the torque on an aluminum disc, mounted on the same 
shaft with the relay contacts, causing the shaft to rotate. Such 
rotation causes the opening (some cases the closing) of the relay 
contacts, which in turn electrically energize the main tripping 
coil on the circuit breaker. The advantage of this type is that 
the time of opening the main circuit breaker can be determined 
to a fraction of a second; also, that the limits of control are 
so wide that these relays, with suitable current transformers, 
become almost universally applicable and highly accurate protec- 
tive devices. 

To repeat, too much care cannot be given the subject of circuit 
protection. Over-fusing (use of fuses with too great capacity) 
of circuits is dangerous and uneconomical. Noting a too frequent 
operation of the overload, protection of any appliance warrants 
prompt investigation. The source of the trouble should be reme- 
died by correction, rather than following the easiest path of using 
too large circuit protection to overcome an annoying operating 
circumstance. 


Grounding—lts Essentiality 


It is no exaggeration to say that without adequate grounding, 
satisfactory electrical service would be virtually unknown. In 
addition, safety would be a word more than a reality. Even so, 
many groundings are so deficient in quality as to become actually 
a hazard instead of a safety effect. Many persons have been 
swindled into paying for a false sense of security when installing 
lightning rods having many ornamental glass balls but no grounds. 
Thereby the victim is actually inviting the lightning to strike the 
house but offering no protection by way of a cable or rod to 
conduct the electric discharge into the earth and there dissipate it. 

Grounds should be carefully made. Use not less than No. 2 
B&S gauge copper wire. Several grounds are preferable to a 
single ground in order to lessen the chances of broken connec- 
tions. Use the water pipe system; the larger the pipe, the better. 
Do not use the gas, gasoline or oil pipe lines. Be sure the con- 
nection between the wire and pipe is electrically and mechani- 
cally as perfect as possible. If no pipe system is available, drive 
at least three 114-inch pipe, or equivalent copper rods, well below 
the moisture line in the earth. A good test is that the driven 
ground connection, when shorted, should blow a 30-ampere fuse 
at 120 volts. 

Much discussion has recently been raised in the water works 
field as to the effects of attaching the electric circuit “neutral” 
wires to the water pipes. There is no question that the damage 
done to water Systems by stray direct currents, as from street 
railways, has been indeed enormous. Here we have electrolysis 
at its worst, and the destruction of the metallic pipes at spots 
where the current leaves the pipes is rapid. This condition 1s 
inexcusable and should be prohibited everywhere. 

However, in the alternating current system the damage is not 
so evident, and many doubt its real existence—or at least its 
seriousness. Also it is quite possible that were all connections 
between electrical and water systems removed, electrical service 
as we know it today would be a thing of the past. And even should 
such action force the electric companies to seek other means of 
obtaining the necessary protection now provided by these ground- 
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‘19 attachments, the water systems would be subject to the same 
esate now debatedly suffered. It would seem certain that more 
aes difficulties would be caused by the same currents finding 
their way to the water system in a then uncontrolled routing and 
dissipation which present practices have been designed to effect. 

The necessity for grounding the electric circuits is to prevent 
dangerous high-potential voltages (through mistakes or accidental 
contact) from increasing the normally low-potential circuits to a 
dangerous loading. The wiring for lighting systems of buildings 
‘5 designed for a maximum of 150 volts to ground. Let us assume 
that a street series circuit operating at 5,000 volts should fall 
across the service wires from the pole to your home. With no 
ground on the “neutral” of your secondary wiring, its potential 
would be raised from its normal low value to a maximum of 
5,000 volts. Certainly something must happen ; either a fire is 
started, or perhaps a member of your family may be killed. The 
effect of such danger has been observed when service thawing 
current reaches the house wiring. In these instances the “ground” 
has worked in reverse, but proves its safety value and the neces- 
ity of “breaking” the service line before electrical thawing is 
started. Now consider these same conditions to exist, except that 
now your “neutral” is properly grounded. When the high-potential 
circuit is now temporarily crossed with service, the high-potential 
currents are safely carried to ground, and no one in the home 
would realize the possible disaster that the ground connections 
have avoided. 


When, What and Why Ground? 


There is no doubt that a full study and discussion of the entire 
subject of grounding by the new functioning joint committee 
will prove well worth while. It is certainly to be hoped that 
there will result a greater care in the preparation and arrange- 
ment of ground connections between the electric and water sys- 
tems, and that the volume of curent flow be intelligently regulated. 
We, the water utility interests, should not embarrass this effort by 
hasty demands to prohibit all grounding of water systems. As 
a matter of fact, we could not do so, even if thoughtless 
enough to demand such. 

[Water works men have themselves found difficulty in effec- 
tively grounding pumping station mctor circuits by any other 
method than an efficient connection to their own pressure mains 
leaving the station.—Ed. ] 

No wires used in lighting systems should have more than 150 
volts to ground. The wires of power circuits, such as 220 or 440 
volts, should not be grounded. All appliances, frames of motors, 
conduit, etc., in addition to the “neutrals” of lighting systems, 
should be carefully and effectively grounded. Inspect grounds 
frequently. The snuffing out of a life may be the penalty if you 
do not. Satisfactory operation is another, if secondary, reason for 


so doing. 
PART 4—MOTORS 


Alternating current motors are of two general types: the syn- 
chronous and induction. The main difference between these two 
types is that, while the synchronous motor can run only at a 
definite constant speed (synchronous speed), the induction motor 
must operate at a speed dependent upon the load applied, but never 
at synchronous speed. There are other important differences that, 
to better advantage, will be mentioned later. 


Synchronous Type 


At a given frequency the speed of a synchronous motor may be 
determined by the equation; 


in which N = revolutions of rotor per minute (RPM) ; f = fre- 
quency in cycles per second; P = number of poles. 

Since the standard frequency is 60 cycles per second, equation 
8 is generally expressed in the form: 


From this it is evident that the maximum speed for a 60 cycle 
motor is 7200/2 or 3600 RPM, arfd the speed, N, from equations 
8 or 9 is known as the synchronous speed of the motor. This, for 
60 cycle motors, is the constant 7200 divided by the number of 
poles; and, since the number of poles must be an even number, 
synchronous speeds become 3600, 1800, 1200, 900....RPM. One 
of the greatest limitations of the synchronous motor is that it 








cannot be built to operate at other than synchronous speeds, when 
oftentimes an intermediate speed is needed. 

On the other hand, the fact that it runs at an exact speed is 
quite frequently its greatest asset. Electric clocks and timing 
devices depend upon this characteristic for their value and depen- 
dability as to accuracy. Pump drives, and mechanical devices of 
all types that require an exact and fixed speed, necessitate the use 
of the synchronous motor for this reason. 

Another marked difference between the synchronous and induc- 
tion motor is that the former requires salient magnetic poles, ex- 
cited (magnetized) from a source of direct current; whereas, 
the induction motor has no such poles and requires no separate 
excitation. In fact, the standard squirrel-cage motor is well 
named, because its rotor is essentially nothing more than a circle 
of bars parallel to the shaft which are held in place and short- 
circuited by two metallic rings. Picture the revolving cage for 
the squirrel’s exercise and you have it—thus, the name. 


Unfavorable Characteristics 


The necessity for this auxiliary direct current is indeed un- 
fortunate, because direct current generators are difficult to main- 
tain. Hence, greater skill and maintenance are required for syn- 
chronous than for induction motor operation. Then, too, the 
starting characteristics of the synchronous motor are rarely satis- 
factory. The starting torque (that is, the twist or pull) cannot 
approach that of the induction motor; frequently necessitating 
expensive and complicated methods of holding the load off the 
motor until it has reached full speed. Fortunately, centrifugal 
pumps may frequently be started under no-load without incon- 
venience, which renders this deficiency of the synchronous motor 
of no real impcrtance. 


Favorable Characteristics 


On the favorable side of the ledger, the synchronous motor does 
possess the ability to operate with a “leading” power factor, 
contrasted to the rather decidedly “lagging” power factor of the 
standard induction motor. As has been stated previously, many 
power companies offer a lower rate to consumers whose require- 
ments make permissible a desirable power factor. Where this is 
the case, the ability of the synchronous motor to operate at the 
“leading” power factor may have influence in the selection of the 
type of motor to be adopted. 

From the above, it can be seen why, for water works and sewage 
treatment plants, the use of synchronous motors is frequently 
advised against. They are only to be considered when exact speed 
is essential or power costs may be lowered appreciably by the 
favorable power factor. Even then, the engineer will do well to 
be certain that savings in power bills will offset the increased 
cperating difficulties that are certain to be realized in the use of 
synchronous motors. ; 


Induction Type 


The induction motor differs from the synchronous type in that 
it requires no separate excitation, and its ability to operate at a 
variable speed, as contrasted to the constant speed synchronous 
motor. 

At no load an induction motor will run almost up to its syn- 
chronous speed. It should be understood that while the induction 
motor has no salient poles, the stator is wound to produce two, four 
or any even number of poles, just as is the stator of a synchronous 
motor; hence it has a synchronous speed of 3600, 1800, 900 RPM, 
just as does the synchronous type. 

As the load on an induction motor is increased, the speed gradu- 
ally lessens until at full rated load the speed is reduced from two 
to four per cent of its synchronous speed. Thus a given motor 
may have a synchronous speed of 1200 RPM, a no load speed of 
1199 RPM and a full load speed of only 1170 RPM. If the load 
is further increased, the “slip” (as the loss of speed is called) 
will increase until a definite value is reached, at which point the 
motor will come to a stop. This load is known as the “pull-out” 
load. 


Favorable Characteristics 


Standard induction motors have very favorable starting char- 
acteristics, requiring relatively a small starting current and pro- 
ducing 200 or more per cent of full load torque. They are the 
most rugged and reliable of all motors. But while they will 
successfully operate under most adverse conditions, reasonable 
care should be taken to keep the air ducts and windings free from 
lint and dirt. The oil in the bearings must be flushed and changed 
at least once each year. 

Smaller and specially designed induction motors require no 
starting device, afd may be started by applying normal full voltage. 
Larger motors require reduced voltage for starting, which is 




















182 


WATER WORKS AND SEWERAGE DATA 








usually obtained from auto-transformers, called starting compen- 
sators. Two coils, each on an iron core, are connected open-delta 
across the three-phase lines; a 40, 50 or 60 per cent tap is taken 
to the motors for starting. After the motor has started and 
reached a constant speed, the compensator is disconnected and 
full voltage goes to the motor. 


Variable Speed Motors 


The wound-rotor induction motor, for operating at variable 
speeds, is not so rugged as is the standard squirrel-cage type. It 
is more expensive and also usually less efficient. A misunder- 
standing of the speed characteristics of these motors has caused 
no end of trouble. We may gain a clear conception of the speed 
variation of the wound rotor, induction type motcr if we think 
in terms of “slip.” As stated above, the standard squirrel-cage 
motor “slip” varies from virtually nothing at no load to about 
3 per cent at full load. With the wound rotor, external resistance 
may be added to the rotor circuit, the effort of which is to increase 
the slip. Hence, this motor will run at essentially constant speed 
at no load, rezardless of the amount of external resistance intro- 
duced in the rotor circuit. But, as the lcad is applied, and the 
greater is the external resistance, the more rapidly will the speed 
drop off. 

Practically, this means that if we desire to drive a centrifugal 
pump at a variable speed, in order to vary the head and quantity 
delivered, we must first learn from the pump manufacturer both 
the speed and the horse-power required by the pump for each value 
of head-quantity desired. This data is then furnished the manu- 
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facturer of the motor who will design the external rotor resistance: 
so that the various controller positions will connect the correct 
resistance to cause the speed to be that needed for the Pump to 
operate under the desired conditicn. 

Since power is a product of speed and torque, it should be re- 
membered that less horse-power output can be obtained from a 
motor operating at a reduced speed than at its normal ful] speed 
The reduction in motor output is approximately proportional to 
the reduction in speed. This fact should be considered at the time 
of purchase in order to be certain that the motor will not be 
excessively heated when operating at any of the reduced speeds 
The same resistors that serve for speed control are also used for 
starting, hence no compensator is required as is the case for some 
of the standard squirrel-cage types. 


Motor Ratings 


The rating of most electrical apparatus such as motors, trans- 
formers, etc., is based upon the temperature rise that will occyr 
when the device is operated continuously under normal full load 
and normal voltage conditions. Many manufacturers recommend 
a limit of fifty-five degrees centigrade rise, while other base their 
estimates upon a rise of only forty degrees. After all, this simply 
means that with a given motor rated at 100 HP, at 40 degree 
rise would be rated at 125 HP at 55 degree rise. All things con- 
sidered, it seems to be the consensus of cpinion, and dictate of 
wisdom, that all important motors in water works and sewage 
treatment plants should be purchased for a guaranteed rise, not 
to exceed forty degrees centigrade. 





RAPID EMERGENCY METHOD OF THAWING HYDRANTS* 
By E. E. JACOBSON 
Chief Engineer, Lexington Water Co., Lexington, Ky. 


One of the many worries of the water works man during the 
cold winter months is the problem of fire hydrant maintenance 
and their operation when the thermometer drops below freezing. 

Proper inspection and drainage of fire hydrants will el‘minate 
most of the trouble but hydrants only a few days after inspection 
have been found to contain water in.the barrel. As the weather 
turns cold the water in the barrel becomes ice and the hydrant 
will not operate. No doubt every water works superintendent in 
states that have cold winters has experienced frozen fire hydrants. 

The method used in Lexington, Ky., for a number of years as 
an emergency method of thawing ice from hydrant barrels is by 
pouring concentrated sulphuric acid into the hydrant barrel. Dur- 
ing the Fall each piece of apparatus of the Lexington Fire De- 
partment is supplied with a quart bottle of sulphuric acid (66% 
commercial). When the acid is used the Lexington Water Com- 
pany is notified and another bottle is sent to the fire station. In 
the Spring of the year these bottles are collected and fresh acid 
is issued each Fall. 

When answering an alarm and a hydrant is found to be frozen, 
the acid is poured into the barrel through the nozzle and a slight 
pressure put on the stem operating wrench. As soon as the heat 
produced by the acid drills a hole through the ice cake the hydrant 
is opened, flushing out the acid with the first gush of water. 


In frozen hydrants we have found that the ice forms first above 
the valve and in most cases it is doubtful.if the acid reaches the 
valve because the stem turns and the water is turned on as soon 
as the ice melts around the stem. 

The average time for thawing hydrants with acid is about three 
minutes although this would depend upon the thickness of ice in 
the barrel of the hydrant, and might vary considerably from the 
above time if very thick. 

The advantages from this method of thawing hydrants com- 
prise the ease of handling the thawing material on the fire trucks, 
the small space necessary on the trucks, simple to use, inexpensive, 
and the rapidity of results. Hydrants in which acid was used 
have been taken apart and no ill effects to the hydrant parts 
could be found. 

The effectiveness in the use of sulphuric acid for this purpose 
can be determined by the following letter from the Chief of the 
Lexington Fire Department: 





*From WATER WoRKS AND SEWERAGE, December, 1936. 





Mr. E. E. Jacobson, Chief Engineer April 11, 1936. 
Lexington Water Company, 
Lexington, Kentucky. 

Dear Mr. Jacobson: 

Relative to our conversation this morning, I am furnishing you 
with all the information that I have in regards to the use of 
sulphuric acid in thawing fire hydrants during extreme cold 
weather. 

In case a hydrant is found to be frozen, one of the caps of the 
hydrant is removed and a quart of acid is dumped into the 
barrel of the hydrant. The suction hose is then replaced on the 
hydrant, and in the majority of the cases the hydrant is thawed 
out by the time the suction is replaced, and the hydrant is turned 
on. The water and acid is allowed to flush out through the 
pumper or the hose, and we have found that little or no damage 
is caused by this action, due to the fact that the acid is neu- 
tralized by water to such a degree that it is harmless to the 
pumper or the hose. 

In some instances the acid is a little slow about thawing the 
hydrant, but in these cases it is usually in certain parts of the 
city, where the surface water seeps in the barrel of the hydrant, 
causing the hydrant to have more water than usual in the barrel, 
but as soon as these hydrants are found, your company has had 
them filled with alcohol, thereby eliminating this trouble. 

You will notice that we say that we replace the suction cz the 
hose to the hydrant before we turn on the water. This is done 
to prevent acid burns to members of the department and the hose 
and apparatus that is near the hydrant. The first spurt of acid 
and water from the hydrant would be dangerous to any thing 
that it touched, but by replacing the cap, the acid is diluted with 
the water to a point where it is practically harmless to any 
thing it might touch. 

It has required from two to eight minutes to thaw a hydrant 
with acid, where it usually requires about ten minutes to thaw 
= hydrant with a regular thawing device, old style thawing 
device. 5 

A test was made at fire department headquarters today. A 
fifty pound block of ice was used and one quart of sulphuric acid 
was poured into a hole in the ice. Ten minutes later a hole was 
burned in the ice eight inches deep, six inches wide and ten 
inches long. Of course, this was a little longer than it would 
have been in a hydrant, due to the fact that acid will follow the 
stem of the hydrant and penetrate into the ice faster than it d‘d 
during the test. We have found the use of sulphuric acid for 
thawing hydrants to be most satisfactory. 

C. J. Henry, 
Chief, Lexington Fire Department. 

















‘ir 
ly 


of 
ge 
ot 


u 








WATER WORKS AND SEWERAGE DATA 





THAWING FROZEN SERVICE PIPES 


By REEVES J. NEWSOM 
President, Community Water Service Co., New York, N. Y. 


The most rapid and economical method of thawing has been 
by the use of electric current. The most commonly used scheme 
of electrical thawing has been to get the local power company to 
mount transformers on trucks and to connect to existing power 
lines in the streets. The cost of this method is apt to be greater 
than the use of other types of electrical equipment, but there is 
usually not time to get other equipment after the freeze-ups be- 
gan. In outlying districts no power lines were available in some 
cases, and other methods had to be resorted to. Engine driven 
generator sets especially designed for the purpose were only oc- 
casionally available, but the modern electric welding outfit was 
found to have approximately the voltage and amperage range 
required for thawing services, and where these outfits were used 
for thawing mains two of them were generally used in parallel. 


A third type of electrical equipment which was effective for 
short services, where connections could be made close together, 
was a small portable transformer with a capacity of about 150 
amperes at 20 volts. On some systems a surprising number of 
services were successfully thawed with equipment of this type— 
the current being taken through the residence wiring outlets. 


Where only a few frozen services were encountered or where 
the electricity was not available; or, where it was ineffective due 
to rubber gasketed couplings, new lead substitute joints in the 
intervening main pipe, or lack of capacity to thaw copper serv- 
ices, steam and hot water were used. One man can operate the 
steam outfits and do the thawing. 


Steam is effectively used by generating it in a small portable 
boiler and feeding it under about 10 lbs. pressure through a %- 
inch copper tube or 3/16-inch block-tin tubing. It is successful 
for only relatively short straight pipes where the steam jet can 
be advanced against the ice face as it melts. Where sharp bends 
are encountered and the tube cannot be advanced, the steam will 
not carry forward through the melted ice. Also, if the length 
of the service is too great the steam condenses in the tube before 
reaching the ice face and is not effective. 


Hot water is, in general, more satisfactory than steam, though 
it requires two men to operate the equipment—one to push the 
tube into the pipe as the melting of the ice advances, and the 
other to operate the small force pump required. This method 
can be used on a longer service than the steam process and the 
hot water will carry farther beyond the end of the tubing when 
it meets an obstruction than does steam. 

Small sections of 4-inch main about 75 ft. in length can be 
thawed by this method and if 34-inch iron pipe is substituted for 
the copper or tin tubing, the length that can be thawed can be 
approximately doubled. Where relatively new lead-substitute 
(compound) joints are encountered, preventing the use of elec- 

















Sketch showing electric thawing equipment hook-up to thaw 
two services. One connection may be made to a fire plug, if con- 


venient, when only one service is to be thawed. Before turning 
through the current the house piping is disconnected from the 


service line for safety. 
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Mobile Welding Generator Set Thawing Frozen Service Lines. 


trical thawing, this becomes a valuable method of thawing larger 
mains also. 


Time Required for Thawing 


Experiences indicate that the time required for thawing serv- 
ices by all three methods varied through a wide range. Where 
equipment of adequate capacity was available for electrical thaw- 
ing services were often thawed in from three to ten minutes and 
small mains in from one-half to two hours. Both hot water and 
steam thawing require a considerably longer time than this. 
However, in many instances, because of lack of experience and 
precedent, many jobs of thawing of both long services and mains 
were attempted without adequate equipment; and, as a result, 
two or three hours were often spent on a service and as long as 
ten or more hours on a main. 


Cost of Thawing Operations 


The cost of electric thawing was made up of many combina- 
tions of charges. In cases where hook-ups were arranged with 
the local power company, the charge was sometimes a stated 
amount per service or an hourly charge for the equipment, with 
or without a current charge.. Welding outfits were supplied both 
on a per service basis and an hourly charge for men and equip- 
ment. The cost commonly varied between $2.50 and $7.50 per 
service for electric thawing, and the use of hot water and steam 
applications also came within this range. A common charge for 
welding outfits was $4.00 per hour, although it varied from $2.50 
to $7.50 per hour. 


Difficulties Encountered 


One of the principal difficulties encountered in thawing by 
electricity has been the occasional inability to get a closed circuit 
through the pipe or main that will carry sufficient current to 
produce the required heat. The most common cause of this type 
of trouble is the presence of lead substitute joints in the section 
of main between the frozen service and whatever point is used 
for the circuit making connection. . The weight of evidence from 
past experience appears to show that new lead substitute joints 
definitely will not carry sufficient current for thawing. Depend- 
ing somewhat upon the character of the water, joints of this 
type in about five years will have formed, by corrosion of the 
iron in the bell and the material itself, a contact that will carry 
the current. This contact is somewhat fragile, however, and if 
too large an amperage is forced through it, it may burn through 
and break the circuit or create arcing and damage, after which 
other means than electricity will have to be used. To avoid this, 
it is necessary to keep the amperage below 200, or probably 150, 
and keep the current on for the extra time required. Rubber 
bushed repair couplings or joints are another reason for being 
unable to get a closed electric circuit, and, except in rare in- 
stances, time does not seem to produce a satisfactory current 
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One of the Mobile Welding and Thawing Units—Ottawa, Can- 
ada, Water Department. 


carrying contact unless much higher voltage is available than 
is needed for ordinary thawing work. 

Failure to ascertain that there is no other path for the cur- 
rent to take than through the service line may lead to failure in 
thawing, even though the ammeter indicates that the proper 
amount of current is flowing. In some cases the current has 
taken a path through the house wiring and has heated the small 
wires (and BX cable carrying them) hot enough to set the 
house afire. It is not sufficient merely to detach the ground wire 
that is customarily found near the cellar wall, because other 
ground connections may be present elsewhere. A complete dis- 
connection of the piping system from the service line, by removal 
of a fitting or the meter, is the only safe course. 


Necessary Consideration in Successful Thawing 


The thawing of services and mains by the use of electric cur- 
rent will be more uniformly successful if water works operators 
will bear in mind the fundamental characteristics of current flow 
and energy transference. Amperage is the measure of quantity 
of current flowing and is the most important element to consider 
because on the one hand the heating effect desired is principally 
dependent upon the flow of a sufficient number of amperes 
of current and, on the other hand, damage to joints and pipe 
is caused by too great an amperage. Voltage is the measure 
of electric pressure which is driving the current through the 
pipe. Voltage is therefore important only because of the am- 
perage which it will force through the resistance of the pipe and 
joints. Ohms are a measure of resistance—i.e.—electric friction. 
The relation between the three is expressed as Voltage equals 
Amperage times Ohms. Thus, the greater the resistance, the 
greater must be the electric pressure (voltage) to force through 
a given amount of current. 

Resistance, therefore, if it be in the joints, is a detriment to 
current flow and to the thawing. But the resistance of the ma- 
terial of the pipe to be thawed is useful in thawing, for ulti- 
mately it is the heat, produced by the force of the current, that 
melts the ice, and the greater the resistance, the greater the heat 
produced by a given amount of current forced through. 

The transference of electric energy into heat in a conductor 
takes place according to a law first stated by James Joule, an 
English physicist. According to this law, the heat produced is 
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directly proportional to the resistance of the conductor th 
square of the amount of current and time the current is flow; % 
Thus it will be seen that a material which is a poor condingaen 
and offers greater resistance to current flow will get hotter than 
one which is a good conductor. Also, a relatively small increase 
in amperage will greatly increase the heat produced as the vac 
tion is as the square of the amperage increment. 

It would appear from this law that any difficult job of thaw- 
ing could be done by merely continuing the current flow for a 
long period, and to a limited extent this is true, but it must be 
remembered that the heat produced in the pipe is immediate] 
dissipated by the ice inside and the cold soil on the outside 
Therefore, for any rate of heat production there is a point 
reached where it is dissipated as fast as produced; and, if in a 
reasonable time the pipe line is not thawad it is safe to conclude 
that too much of the heat is being lost through the soil and 
mere continuance of this condition for a longer time will not 
bring success. More heat must be provided and since the re. 
sistance of the pipe cannot be controlled, increased current flow 
(amperage) is needed. To secure this additional flow of amperes 
an increase in the electrical pressure (voltage) is necessary. 

As a result of this law of Joule’s, it can be seen that a copper 
pipe, being a good conductor, can only be heated by passing a 
considerable amperage through it and for a longer time than 
in the case of other materials (such as iron) which are not such 
good conductors. Comparing the resistance of the various metals 
used for water pipes, in order, copper is the least resistant. Con- 
sidering copper as 1, steel is 7, wrought iron is 9, lead is 12 
and cast iron is 73. Since copper has 1/7th to 1/9th the re. 
sistance of steel and iron and 1/12th that of lead, it is necessary 
to put through at least twice the amperage for approximately 
twice as long a time in order to thaw a length of copper ser- 
vice pipe as is required for the same length of steel pipe. 


Experience 


Experience has shown that from 200 to 400 amperes (varying 
with the diameter) will thaw iron, steel or lead services in from 
three to ten minutes. Depending upon the character of the con- 
nections, the type of joints in the mains and other elements of 
resistance, the voltage necessary to force such a current flow 
through the circuit will vary from 10 to about 60 volts. To thaw 
mains, amperages of from 400 to 700 are likely to be required at 
times. In view of the larger area of metal in these pipes it is 
fortunate that cast-iron has high resistance to current flow, else 
it would be impossible to produce sufficient heat with any prac- 
tical portable electrical apparatus. 

To produce a current of 400 amperes at 60 volts requires 
about a 25 k. w. generator, although one with a capacity of 30 
k. w. is better. The gasoline engine driving it should have a 
rated capacity of at least 50 per cent more in order to sustain the 
output for several hours in case difficult main pipe thawing is en- 
countered. 

If current is taken from the 2300 volt lines of the local power 
utility and is stepped down to 110 volts, the transformers should 
have at least a total of 75 KVA capacity if mains are to be 
thawed, because it is occasionally necessary to use higher am- 
perages than the average stated and also to maintain the cur- 
rent flow for several hours. A 25 KVA transformer is usually 
ample, however, for the thawing of services. It has been ob- 
served that AC current is more effective than DC in thawing be- 
cause the vibration set up by the former is of material aid. The 
necessary small amount of melting near the pipe surface takes 
place with less actual temperature rise in the pipe. 
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REGULATING WATER PIPING WITHIN BUILDINGS* 


By STEPHEN H. TAYLOR 
Superintendent, Water Department, New Bedford, Mass. 


It is the opinion of the writer that sufficient attention has not 
been given in the past by water works officials to water piping 
and fixtures inside of the taker’s premises. 

Until last year, we in New Bedford have felt that when we 
assured ourselves that the service pipe to and including the meter 
were of proper material and prcperly installed our. responsibility 
and jurisdiction ended; and, what was installed inside of that 
point was wholly the affair of the owner and his plumber. I 
think it is safe to say that most water works officials in this 
country have taken the same attitude. : 

In consequence, we find in many cases that faulty workmanship 
has been a result and inferior materials have been installed. In 
addition, sanitary fixtures are often of a design and so installed 
as to unwittingly introduce a danger to health through pollution 
of the water supply within buildings by siphonage or gravity 
backflow of polluted water from bowls and other fixtures to the 
water supply piping. Speculative and boom building has resulted 
in many buildings being piped with cheap materials and fixtures, 
installed frequently by incompetent workmen. 

It is a well known fact that the surface water supply of New 
Bedford is rather active and quickly fills wrought iron and steel 
pipes with rust and tubercles. This condition exists also in many 
other communities. In spite of such knowledge, many buildings 
have been piped with this type of material, with the result that 
after comparatively few years, water cannot be drawn through 
more than one fixture at a time and that one delivers only a weak 
supply. Services installed by the Water Department in New 
Bedford are of lead, in sizes up to 1 inch; and, copper or cast 
iron is employed for the larger sizes. In most cases we have in- 
stalled the service up to the meter, which is usually located in 
the cellar of the building. 

When complaints of poor flow come to us we clear the tap 
and service line, if necessary, and prove that the supply is ample 
up to the meter and that the trouble is caused by rust choking 
of the steel piping inside the building. This means many un- 
necessary visits and explanations; which takes considerable time 
of our employes. When the owner finds that his only remedy 
for the trouble is to repipe the entire building, to say that he is 
somewhat disturbed, is stating the case mildly. 

We have also found that modern fixtures frequently of such 
a design that polluted water from them can flow back into the 
water supply pipes either by gravity or siphoning in case the 
pressure is reduced by heavy draught on the lower floor of build- 
ings, or wherever the water is shut off in either the building or 
in the street. 


Water Board Drafts Regulations 


In an effort to improve these conditions the Water Board 
adopted a set of rules and regulations, which became effective 
June 1, 1935, governing the installation of house piping, which 
we feel will benefit the water department—but, more especially 
the public. 

The city ordinances places the supervision of hot water tanks 
and water heaters under the jurisdiction of the City Board of 
Health. That department works in cooperation with our de- 
partment regarding this equipment and has established rules 


which require that such equipment be installed in a manner which : 


will be safe and prevent forcing hot water back to damage 
meters. 

The new regulations follow. 

[Note.—At this point the author outlined those parts of the 
regulations which embrace the principal requirements pertaining 
to “Inside Piping and Fixtures.” Believing that our readers may 
prefer to have before them the completed set of regulations, these 
are reproduced below (in full) just as they appear in the neat 
little brown booklet (334x6 in.) which is distributed by the 
New Bedford Water Department.—Editor. ] 


’ New Beprorp WaTER Boarp REGULATIONS 
GOVERNING WATER SERVICE Supply PipING AND FIxTuREst 
June 1, 1935 
(See separate pamphlet for sprinkler piping regulations) 
Section I. Every water-taker shall pay the established rates 
for water supplied within the time and at the place specified 
upon bills rendered; shall at his own expense, keep the service 

*From WATER WORKS AND SEWERAGE. 


tRegulations pertaining to inside piping and fixtures begin with 
Section VIII. 


pipes within his premises in good order and repair and protected 
from the frost; shall not allow the water to run to waste; shall 
not make any change in the service pipe between city main 
and meter, unless sanctioned so to do by the superintendent; 
shall not conceal the purpose for which water is used; shall 
allow the superintendent, registrar and persons authorized by 
them, or by the board to enter the premises supplied with water 
to examine the pipes and fixtures and ascertain the quantity of 
water used and manner of use, and shall indemnify the city for 
all damages it may sustain or be required to pay, in consequence 
of any injury resulting from any violation of these regulations 
by the water taker. 

Section II. All applications for service supplies must be made 
by the owner of property at the office of the registrar in the form 
prescribed, stating the various uses to which the water is to 
be applied. 

Section III. SERVICE FROM STREET—In every case 
the installation of the service pipe from the street main to the 
end of pipe where taker’s stop with waste is installed by the 
plumber shall be made by the New Bedford Water Department 
and the charge to the owner shall be as specified in regulation 
adopted by the Water Board February 6, 1924, viz.: 

For installing one service to each property from the main pipe 
to street line as follows: 


Se S00 ORTON ow 4s oc ica sas cca wouse iene $31.00 
et Oe i, Na 0k wise ee aoe wae seeoreeee 32.00 
BOP. 3 WO fs ccaniarnes bcs oeena eee 39.00 


In cases where permanent pavement is disturbed, the owner 
is also required to pay for replacing the same. 

For secondary services, temporary services or for services 
larger than one inch in size, the entire cost of installation, in- 
cluding cost of re-surfacing permanent street pavement. 

For all services on private property, the owner shall pay the 
entire cost of such work. 

Section IV. Each service shall be provided with a satisfac- 
tory stop and waste cock with coupling (this stop shall be 
round way and of the same size as the service pipe) to be 
located always just within the basement wall, at the point 
where the service pipe enters, and the pipes within the building 
must be so arranged that the water can be drawn from them 
whenever there is danger of freezing. The department will 
not be liable for any damage resulting from a failure to observe 
this important rule. 


Section V. No water-taker shall be entitled to any damages 
nor will any portion of a payment be refunded for any sudden 
stoppage of the city supply occasioned by an accident or other- 
wise, nor for any stoppage for the purpose of making exten- 
sions, alterations or repairs. In such an event the water-takers 
must guard themselves against the collapse of boilers and other 
injuries liable to result from stoppage of the water supply. 

Section VI. No cross connections between the City supply 
and any other supply which is not approved as potable by the 
State Dept. of Public Health shall be permitted except those 
which are properly protected by double check valves of an 
approved type. Said check valves shall be approved by the 
Water Board and shall be regularly inspected at the expense 
of the owner of the property by a representative of the Water 
Department at such intervals as the Water Board shall de- 
termine. 


Section VII. METER REGULATIONS. 

a. One meter of standard type and of same size as the 
supply pipe must be installed upon each service connection. It 
may be located between the curb stop and building or within 
building. If within building, it must be placed at a point 
adjacent to shut off, where pipe enters through foundation wall. 
If outside the building, it shall be installed in a satisfactory 
box or pit not less than 3 ft. x 4 ft. x 4 ft. deep. All meters 
2 inches or larger shall be equipped with a by-pass capable of 
supplying the premises when the meter is removed for repairs 
or test. This by-pass valve to be kept sealed shut except when 
meter is out. (See Sketch.) 

b. In all cases where one service connection supplies two 
or more separate consumers, or a block occupied by divers 
parties, only one meter will be used and. the water rent as reg- 
istered by said meter shall be charged to and payable by the 
owner of said premises or building. If additional meters are 
desired to ascertain sub-division or such supplies, they will be 
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New BEDFORD WATER WoRKS 
STANDARD METER INSTALLATION 
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Standard Meter Installation, New Bedford Water Works. 


furnished at the expense of the applicant, who must assume all 
responsibility of reading and maintaining same. 

c. Owners of property will be given option of either purchas- 
ing a meter outright and paying for its installation, or of having 
city furnish and install same and paying an annual rental therefor. 

d. The property owner must keep the meter within his 
premises easily accessible for reading at all times. The city 
will include all repairs due to ordinary wear in its rental charge, 
but in all such cases, the owner will be held responsible for 
proper protection of the meter from all damage which may 
occur due to freezing or from hot water backing from over- 
heated house boilers or other causes. Property owners will be 
assessed the cost of repairs of every nature necessary to prop- 
erly maintain the meter owned by them. In case payment of 
such charges is not made upon demand, the water will be shut 
off from the premises supplied, and will not be renewed until 
after such charges, including the additional sum of one dollar, 
to cover expenses of shutting off and letting on the water, shall 
have been paid. 

e. The owner of property shall pay at the established meter 
rate for amount registered, whether used or wasted. The water 
department will not assume any responsibility for use of water 
within metered premises. 

f. Should a meter fail to register for any cause, the quantity 
shall be determined and the charge made based on average 
amount registered by meter when in order. 

g. After a meter has been installed, it will not be removed 
for purpose of rating the premises supplied on any other basis 
of water charged. 

h. No meter shall be discontinued from the pipe, moved or 
disturbed, without permission from the water registrar, who 
= _ a properly authorized person to attend to any change 
needed. 

i. If a house becomes unoccupied, the owner or agent may 
have the water shut off and the meter removed during the 
period of non-occupancy by making a request therefor to the 
water department, and paying one dollar to cover expenses. 

Section VIII. PLANS TO BE APPROVED—Plans of 
proposed new installations, extensions or alteration of existing 
systems, showing proposed sizes and materials, must be filed 





with the Water Board, and approved by said Board or it 
designated representative before starting work. i 
Section IX. INSIDE PIPING—AII inside installations shall 
be made under the direction of a registered Master Plumber 
except in manufacturing plants or other plants where compe- 
tent pipers are regularly employed. Connections to supply water 
heaters, hot water storage tanks, heating and ventilating appa- 
ratus, cooling systems and power plant equipment and apparatus 
may be made by competent employes of persons regularly en- 
gaged in the business of installing such apparatus, subject to 
the inspection and approval of the Water Board. Each holder 
of a Master Plumber’s Certificate of License shall register his 
name and business address with the Water Board on or before 
the first day of May in each year. Notice of any change in 
Ls ve of business shall be given immediately to said Water 
oard. 


Section X. INSPECTION AND TEST—On completion of 
the installation it shall be inspected and approved by the desig- 
nated inspector of the Water Board before the water supply 
will be turned on to the premises. It shall be tested in the 
presence of the inspector at city water pressure. 


Section XI. KIND OF PIPE—AII water supply pipes and 
fittings, shall be of lead, brass, copper or other non-ferrous metal 
or composition, except in the case of pipes four inches or more 
in diameter, in which case, cast iron pipe properly coated and 
lined with material approved by the Water Board may be used. 

In order that piping shall be sufficiently strong to withstand 
City pressure with a reasonable allowance for corrosion all p‘pes 
must comply with the following minimum specifications. 
LEAD PIPE: 

All lead pipe for water service shall be made from soft virgin 
pig lead without any admixture of scrap lead or any other ma- 
terial and shall weigh not less than 


AON ee I oo ou Soreacinc se ben tabscens 3 pounds per foot 
De Se na ccdatwaserénebaeaewata 3% pounds per foot 
S&S ree 4% pounds per foot 
ee Vs aad s hawks sew euenee wed 6 pounds per foot 
ge. Ge rere rrr. 7¥%, pounds per foot 
ee ON vs dic diasbikla uote anmeae 114% pounds per foot 
Be I ooo vas wale oie vee wand 1914 pounds per foot 
BRASS PIPE: 


All brass pipe used for water supply piping shall conform 
with the Standard Specifications of the American Society for 
Testing Materials for “Brass Pipe, Standard Sizes” Serial 
Designation B43-23, with the exception of Paragraph 4 thereof. 
In place of the said Paragraph 4, the brass shall conform to 
the following requirements as to chemical composition: 


I ONIN, 6.55 oy sind uty a ecacars wees ay ete eee 59.00% 
Fe PP AEE oT a Aen e 0.50% 
RA err tere areas eee 0.07% 
BO Ee FIR y 6 cs Gineien ce6 cane acecaaeesine ase Remainder 


This change admits use of so-called “Admiralty” and “Red” 
brasses. 
COPPER PIPE: 

All copper pipe used for water supply piping shall conform 
with the Standard Specifications of the American Society for 
Testing Materials for “Copper Pipe, Standard Sizes,” Serial 
Designation B42-23. 

COPPER TUBING: 

All copper service tubing used for underground piping shall 
conform with the Standard Specifications of the American 
Society for Testing Materials for Copper Tubing, Government 
Type K, Serial Designation B88-33. For interior piping copper 
tubing, Government Type L, is allowable. : 

Fittings for use with brass or copper pipes shall be of material 
and strength corresponding with the pipe used. All installa- 
tions shall be made in a thorough and workmanlike manner 
satisfactory to the New Bedford Water -Board. 

Pipes which are to be concealed in partitions or otherwise 
shall be tested as specified in Section X before being concealed. 

No pipes which have previously been used for other purposes 
shall be used for distributing water. 

Section XII. PROTECTION—AII concealed water pipes, 
storage tanks, flushing cisterns, and all exposed pipes or tanks 
subject to freezing temperatures shall be efficiently protected 
against freezing. 

Section XIII. DISTRIBUTION—The water supply shall be 
distributed through a piping system entirely independent of any 
piping system conveying another water supply. 

Section XIV. WATER SERVICE—The water service pipe 
of any building shall be of sufficient size to permit a continuous 
ample flow of water to all fixtures on all floors at a given time. 

Section XV. SUPPLY TO FIXTURES—AIl plumbing fix- 
tures shall be provided with a sufficient supply of water for 
flushing to keep them in a sanitary condition and shall be ad- 
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; revent waste of water. The water from water closet 
apa flush tanks shall be used for no other purpose. 

The bottom of flush tanks for water closets or urinals shall 
be above the overflow level of the fixture when drain is 
ar auton valves for water closets shall be equipped with 
uum breaker of a type approved by the Water Board. 
pipe for each tenement or bathroom shall be not 
inside diameter and connect to the main supply pipe, 
which shall be not less than the size of the main service. The 
main service shall be carried full size to the point where the 
last branch is taken off in the basement. ; ; é 

Accessible shutoffs with waste shall be provided in the base- 
ment which shall separately control the water supply for each 
tenement and for each hot water tank. 

Section XVI. SIZE OF PIPES—The minimum size of 
water-service pipes from main to the dwelling shall be five- 
eighths inch, and to fixtures as follows: 


a vac 
The supply 
less than % 


OE CG o iccan cna be sien cveeesesnecewernereussanerees WA in. 
Bot Water Boilers... .0ccccccccccccesscccvcssscenseserss WA in. 
Laundry Traps .....¢.cccccccccccsccensccccccvcccccceees Yo in. 
SD ca npg badatdocnseweeandderbdnieipivaredtenedeewsee WA in, 
ER ERO E ee ore Tre ore Pere er ort ere Te ¥% in. 
Bee WWMM yn cia cde cw pictiialie bie evelstsapieiora Sb kA We oe we ee Yo in. 
ie Oe OMI hos anna saci eianaainewe es give ¥% in. 
Flushometer Valves for Water Closets................006- 1 in. 
Flashometer Valves: for Uriials.. «...0...65 05.0005 sc00cine 0 6-esinis Y in. 


[Note: A copy of the application form, for Water Depart- 
ment approval of piping and fixture installations, may probably 
be had upon request to the author of this article—Editor.] 


Some Results 

It is interesting to note that in spite of the fact that no new 
building has been going on in New Bedford during the 8% 
months since these rules became effective about 700 permits for 
alterations and replacements have been issued. 


Two outstanding cases of potential pollution from back 
syphoning have recently come to the attention of our inspector. 
One was in a large High School; the other in a department 
store of importance. ‘These cases and many others show the 
need of constant vigilance on the part of someone, and we in 
New Bedford have decided that the Water Department should 
assume this responsibility as there is a possibility that pollution 
from such sources may even get back into our mains by siphon- 
age or gravity when it becomes necessary to shut off the street 
mains. 

The inspection has been placed in the hands of a Master 
Plumber of long experience who has the respect and confidence 
of other master plumbers. He is a full time employee of the 
Water Board and has the complete cooperation of the plumbing 
inspector of the City Board of Health. 

The new regulations have been in effect since June Ist, 1935, 
and the results have been very satisfactory. The master plumbers 
cooperate very well with us as it protects them against unfair 
competition of unlicensed men and inferior materials. The pub- 
lic gains by being assured of proper supply and approved water 
fixtures. The department gains by being relieved of many com- 
plaints which come about as the result of improper materials 
or workmanship. 

As far as the writer knows, very few communities have made 
rules regulating water service piping and fixtures inside of 
buildings. No matter how complete the main distribution sys- 


tem and service connection may be, the consumer will not get 
the supply he is entitled to at his fixtures or the protection 
against pollution within his own property unless someone sees 
to it that proper interior piping and fixtures are installed in an 
approved manner. 

Our City Solicitor has ruled that the supervision of the entire 
water supply (except water heaters and hot water tanks), up to 
and including proper fixtures, is within the jurisdiction of the 
Water Department. 





Representative Water Rates 


That where water is the dearest it has been made available at 
such comparative low cost to consumers is a situation stressed in 
its publicity releases to consumers by Los Angeles’ Department 
of Water and Power. 

What the Official Bulletin “Water and Power” has to say to 
Los Angeles water takers is of interest. 

“Water and Power” has the following to say: 

“Los Angeles consumers pay the low rate of 13 cents for 100 
cu. ft. (750 gallons) of pure water brought in from mountain 
streams. 250 miles distant. For the same amount of water the 
average charge in 183 of the larger cities in the United States 
is 18 cents.” 

The following rates charged by representative cities are cited 
in comparison: 


San Francisco......... 28 cents Youngstown, O. ..... 20 cents 

Pitevaren, PR. .. 00 25 cents po ee rE? 19 cents 

Indianapolis, Ind. ..... 22 cents DOSIOR,. MARE. ...00%0 15.4 cents 

Des Moines, Ia........ 22 cents Bt. LOW, BAO. ccccece 15 cents 
1dOG BOM his cveeuness 13 cents 


Any municipality which can show a rate below the 18 cents 
per 100 cu. ft. average in 183 representative American municipal- 
ities would do well to utilize the figures quoted, release the 
“story” to the local press and distribute reprints of this “news” 
with its water bills. 





WATER AT YOUR TAP AT LESS THAN 5¢ A TON/ 
cata, scene 
REE eeneerenaen ee —- ® 
SEREE...........9 


SEGEEEEEEEE,.... © 
SERGRREEEEEEEES 


EACH BARREL REPRESENTS ONE 52 GALLON MEASURE 


[The above has been used by the Los Angeles Water Bureau 
to stress the cheapness of water at 11 barrels for a dime and 
no haulage to pay.—Ed 
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AIR CONDITIONING IN RELATION TO WATER CONSUMPTION 





By LOGAN L. LEWIS* 
Newark, N. J. 


While it may be true that air conditioning has but recently 
become of peculiar but important interest to water works author- 
ities, it is by no means a novelty. The industry is some thirty 
years old. During the first twenty years of its life, application 
was limited almost entirely to industrial plants and, hence, few 
people knew of it. About ten years ago its application began to 
spread rapidly to theaters, department stores, restaurants and 
other buildings in which the public gather. This second phase 
of development brought improvements in equipment, made price 
reductions possible, and greatly broadened the market. 


From an air conditioning point of view, every human being 
in Jones’ store is a heater, giving off heat in both its sensible 
and latent form, or, with freedom of description, as dry and moist 
heat. Every light, every electrical device, every coffee urn is a 
heater. The rays of the sun heat the building structure where 
they strike it, and heat also flows in through it, because a lower 
temperature is maintained inside the structure. Therefore his 
system must remove heat and moisture when the weather is 
warm and add heat and moisture when the weather is cold. 


For effectively removing heat, we must have a refrigerating 
machine of which there are many types, all of which must be 
provided with means for removing the effluent heat. This 
effluent heat usually is carried away wholly or partly by the 
water furnished, and requirements may be great. In winter re- 
quirements for water are minute. Thus, demand for water is a 
seasonal one and proportional to the quantity of heat which must 
be removed. 


A simple way to get rid of this heat is to buy water from the 
water utility and pass it through his condenser to the sewer. If 
this were the only way to do it, water departments might well 
be concerned by the demand. But, in certain cities, the cost of 
water was high and the manufacturers of air conditioning and 
refrigerating equipment sought means of reducing water costs. 
And, so, economic forces began to stimulate the development of 
equipment which would reduce sales resistance by reducing the 
need for water where the rates were high, or where the threat of 
water shortage might restrict its use. This has borne fruit, so 
that there is available water conserving equipment which may, in 
some localities, reduce sales that water works managers would 
like to make. However, in other localities this improvement 
may prove a desideratum in reducing excessive demands. 


The Economy of the Cooling Tower 


The first stage of this development was the cooling tower— 
that slatted structure which you will recognize as the architec- 
tural abortion you have seen upon the roof of some local ice 
plant. This cooling tower is a means of heat disposal. The 
water passing through it is recirculated, being pumped through 
the condenser where it receives heat, and then through the cool- 
ing spray tower where it gives off this heat to the air. Some 
of the water is carried away by the wind, some of it is lost by 
evaporation, and that which is lost must be replenished from 
the source of water supply. This loss is quite small, so that 
the use of this cooling tower for heat disposal has cut the demand 
for water to less than 10 per cent of what it would otherwise be. 


To be fair to the cooling tower, it must be said that much 
has been done to improve its appearance. The second stage was 
the development of the evaporative condenser, in which the func- 
tions of the condenser and the cooling tower have been com- 
bined. The features of water conservation have also been further 
improved thereby and the space occupied by equipment greatly 
reduced. This piece of equipment may be placed upon the roof 
of a building and appear as a small rectangle, or, if it is feasible 
to lead air to and from it through ducts, it may be tucked away 
in one corner of the machinery room. 


Since there is no windage loss from the evaporative condenser, 
it requires less than 5 per cent of the water which you would 
otherwise furnish. Both the tower and the evaporative condenser 
are instruments for the conservation of water and are fully de- 
veloped practically and commercially. 





*Chief Engineer, Carrier Corpn., Newark, N. J. 


Water Demands of Modern Equipment 


What is the magnitude of this demand for water going to be 
ani what will be its characteristics? Let us examine the de- 
mands for water of the several types of prevalent installations of 
air conditioning, which are given in Table I which accompanies 
this discussion. 

B.t.u., or thermal units, per person will vary somewhat for 
each installation, but limits of variation are well known. Hours 
of operation per season can readily be set for maintenance of the 
desired conditions. Load factors, or the relation of average load 
to maximum load, are based on experience. Gallons of both 
maximum and average demand must be based on an average 
water temperature and an average balance between water and 
power. Hence, Table I is necessarily composed of figures which 
are admittedly controversial as to the interpretation of expe- 
rience, for multifarious economic forces press in some localities 
for excessive use of water and in others for conservation thereof. 

For a given electric power rate, cold water may throw the 
balance in favor of heat disposal entirely by water—warm water 
may do the opposite. Low power rates may favor conservation 
of water—high power rates, the opposite. A combination of 
high’s of water temperature and power cost operate strongly in 
favor of heat disposal by evaporation. 

The complexity of these economic forces becomes apparent 
when it is realized that power for air conditioning may cost from 
less than 1 cent per k.w.h. to more than 3 cents; that water may 
be purchased at rates varying from 45 cents per 1,000 cu. ft. up 
to $2.85—perhaps higher; that the temperature of the water 
coming from mains may range in summer from 56 to 85 degrees 
F.; and that pocketbook limitations to available capital may en- 
force the purchase of equipment which, being of low capacity, is 
above average in demand for water or power, or both. 

But, let’s continue our examination of the averages arrived at 
in Table I as they are carried forward in Table II. Three im- 
portant facts become obvious. 

First, that the demand for water is seasonal. It is high in 
summer and, as previously stated, insignificant in winter. An 
120-day cooling season is typical of New York. In the South, it 
may exceed 150 days. 

Second, that economic forces and restrictive regulations, such 
as are now applied in New York, did, in 1935, lead to extensive 
purchase of evaporative heat disposal systems. As a _ result, 
water consumption was cut by 60 per cent. 

Third, that within the cooling season, the peak demand is far 
above average consumption. 

Two figures in Table II are of such importance that they 


TABLE I 
DEMANDS OF SEVERAL TYPES 


OF 
AIR CONDITIONING INSTALLATIONS FOR WATER 
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SEA 20- DAYS 
WATER COOLED CONDENSERS 
























































z - 
2 | & | 2 Bs 
; a - 
; sz sa Seu 28h wa 
» WS wi ° <aute ae a 
2 e.. wl wee See & 
o | xo (4 Lx ey ob 
Pe) gf | 33 
a z © 
oO 
RESIDENCE 4,000; 40 2,900 160000 30 | 48000 
TRAIN 1,400 14 1,200 16800 50 8400 
OFFICE 4,700} 47 1,200 56,400 40} 22500 
LUNCH ROOM 1600 16 900 14400 50 7,200 
RESTAURANT 2,000} 20 1,200 24000 60 | 14500 
ORUG STORE 2,000; 20 1,800 36,000 60 | 21500 
THEATRE 1,000 10 1500 15,000 30 4500 
DEP'T.sTorE |1,600/ 16 | 1,200 | 19200 | 60| 11500 
AVERAGE 2,300 42500 17,200 




















WATER WORKS AND SEWERAGE DATA 


189 

















TABLE IL 
AIR CONDITIONING REQUIREMENTS 
FOR WATER 
GAL./PERSON — 
con TS Eats tre INTERPRETATION OF EXPERIENCE. 
ca TIVE CONDENSERS T 
COOL WERS USED. CONDENSERS OR COOLING TOWERS 
- anice ON 60% OF INSTALLATIONS. 
1935 EXPERIENCE 
. DEMAND PROBABLE IF MAX.DEMAND | PROBABLE 
ws SUSTODED. USE IS SUSTAINED. USE 
PER SEASON OF 
120 DAYS 42,500 17,200 17,000 7,000 
PER DAY [a ee - 
SEASON \ 
120 DAYS 350 
PER DAY FOR 
YEAR 365 120 50 50 
DAYS 























have been encircled. Note carefully that they are not the per 
capita consumption that water works men are accustomed to 
using. , : 

Air-conditioning-wise, they will become per capita consump- 
tion if and when air conditioning installed and operated for the 
entire population served by the water system. This does not 
mean that every building in a city must be completely condi- 
tioned. It does mean that the sum total of the number of peo- 
ple upon which the capacity guarantees of the systems are based 
has reached the sum total of population. In still other words, 
it means that there will exist an air conditioned spot for each 
and every person in a city, and no more. ; 

If air conditioning sales double every four years, at some time 
in a period between 1945 and 1950 the per capita demand upon 
water systems for modern air conditioning may become: 

(1) Maximum rate—35 gallons per day per capita. 

(2) Average rate—5 gallons per day per capita. 

Provided the present practice of using evaporative condensers 
and cooling towers is maintained. But if evaporative condensers 
and cooling towers be used exclusively from now on and be 
substituted for existing condensers, now wasting water, then 
these two rates would be cut to: 

(1-a) Maximum rate—23 gallons per day per capita. 

(2-a) Average rate—3 gallons per day per capita. 

Water works managers may be divided into two groups: 

1. Those to whom air conditioning offers an opportunity to 
sell more of their product. 

2. Those to whom any increased demand will present a seri- 
ous problem, and those who may now be unable to meet existing 
demands if rainfall is below average. 
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Water Conservation Made Possible by Use of Modern Evapora- 
tion Condensers 


My conclusions are: 

(a) With respect to Group 1: The maximum demand of 
23 to 35 gallons per capita per day may overtax existing water 
works pumping equpiment or, if not that, the capacity of the 
mains at certain focal points. 

(b) With respect to Group 2: Their inability to assure a 
continuity of supply, either at present rates of consumption, or 
at present rates plus 3 to 5 gallons per capita per year average, 
or to pump and distribute as in (a), should be faced squarely 
as the facts stand, and proper restrictive measures instituted. 

(c) Generally: That the number and complexity of factors 
are such that the problem will not yield except to analysis of a 
specific survey. 

(d) That it is to our common interest to know and face the 
facts; and, worth our mutual effort to obtain them. 
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Terminology in Pumping* 


Static Head 


Static Head is the vertical distance in feet beeween the free 
level of the source of supply and the point of free discharge, 
or to the level of the free surface of the discharge water. 


Total Dynamic Head 


Total Dynamic Head, as determined on test, where Suction 
Lift exists, is the reading of a mercury column connected to 
the suction nozzle of pump, plus the reading of a pressure 
gauge connected to discharge nozzle of pump, plus vertical 
distance between point of attachment of mercury column and 
center of gauge, plus excess, if any, of Velocity Head of dis- 
charge over Velocity Head of suction as measured at points 
where the instruments are attached, plus head of water resting 
on mercury column, if any. 

Total Dynamic Head, as determined on test. where Suction 
Head exists, is the reading of a gauge attached to the dis- 
charge nozzle of pump, minus the reading of gauge connected 
to the suction nozzle of pump, plus or minus vertical distance 
between centers of gauges (depending on whether suction gauge 
is below or above discharge gauge), plus excess, if any, of 
Velocity Head of discharge over Velocity Head of suction as 
measured at points where instruments are attached. 

Total Dynamic Discharge Head, is the Total Dynamic Head 
minus Dynamic Suction Lift, or plus Dynamic Suction Head. 

Total Dynamic Head is the vertical distance between source 
of supply and point of discharge when pumping the required 
capacity, plus Velocity Head, plus friction and entrance losses. 


*From “Hydraulic Data,” an Ingersoll-Rand Hand-Book. 


Suction Lift 


Suction Lift exists where the source of supply is below the 
center of pump. 


Static Suction Lift is the vertical distance from the free 
level of source of supply to center of pump. ' 

Dynamic Suction Lift is the vertical distance from the source 
of supply, when pumping required capacity, to center of pump, 
plus Velocity Head, plus entrance, and friction losses; but not 
including internal pump losses. 

Dynamic Suction Lift, as determined on test, is the reading 
of a mercury column connected to suction nozzle of pump, plus 
vertical distance between point of attachment of mercury column 
to center of pump, plus head of water resting on mercury 
column, if any. 


Suction Head 


Suction Head (sometimes called Head on Suction), exists 
when source of supply is above center of pump. 

Static Suction Head is the vertical distance from the free 
level of the source of supply to center of pump. 

Dynamic Suction Head is the vertical distance from the 
source of supply, when pumping at required capacity, to center 
of pump, minus Velocity Head, minus entrance, and friction 
losses; but not minus internal pump losses. 

Dynamic Suction Head, as determined on test, is the reading 
of a gauge connected to suction nozzle of pump, minus vertical 
distance from center of gauge to center of line pump. Suction 
Head, after deducting the various losses, may be a negative 
quantity, in which case a condition equivalent to Suction Lift 
will prevail. 
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REMOVING WATER FROM MAINS WITH COMPRESSED AIR* 


Eliminates Pumping, Wet Trench, Loss of Time 
By ROGER W. ESTEY! and NELSON BOARDMAN? 


Danvers Water Works, Danvers, Mass. 


Often in the repairing of mains or replacements of old pipe 
lines, the question of time is of paramount importance. The 
removal of water from these mains is many times a lengthy and 
most disagreeable part of the entire procedure. It often takes as 
much time to eliminate the water as it does for the connecting in 
of the new material. 

Of course, today we have gasoline-driven diaphragm and cen- 
trifugal pumps that remove the water much faster than the old- 
fashioned hand methods. But, even with this more efficient and 
faster way of removing the water, it does not overcome the 
objectionable features, of water gushing out when the pipe is being 
cut in the trench. Sometimes where there are no blow-offs to 
remove the water entirely or take off some of the pressure that 
may be caused by the irregular contour of the ground, removing 
a piece of pipe from the line is a wet and disagreeable job. 
Besides this, all of the men have to be equipped with boots. 

Another worry that goes along with such a job is the attention 
that has to be given to the soil conditions. If the nature of the 
soil is sandy and gravelly, any great amount of water in the 
trench may cause a slight washing or wearing away of the bank, 
causing either one or both banks to cave in. This is a very 
important part of the work to watch, because in many instances 
it is not possible to shut the water off any length of time with- 
out causing great inconvenience to the customers, and then there 
is always the fire hazard which must be given consideration. Any 
caving-in of the banks therefore naturally increases the time to 
complete the work. When the soil is clayey, water in the trench 
makes a nasty mess to work in, and it is nearly impossible to keep 
the pipe and fittings clean. 

There have been many times when we have thought over the 
above undesirable conditions and wondered if there wasn’t some 
way whereby this could be overcome. In several places we cut 
in blow-off lines, but since there are so many places requiring 
blow-off lines, this method seems both impractical and too costly. 


Compressed Air Considered 


Three things came to our attention that caused us to give 
consideration to the use of compressed air to remove water from 
the mains. One of us stopped in at a local garage, and while 
there a customer came in and asked for a gallon of denatured 
alcohol. The proprietor took the container and went over to a 
barrel and placed the container on top of the barrel, under a 
riser pipe, and opened the faucet. Much to our amazement, the 
alcohol came out so fast it was only a moment or two until the 
container was filled. After the transaction had been completed 
we inquired, “How is it that you get that pressure from the 
alcohol barrel?” He informed us that every now and then he 
would take the hose line used to pump up tires and put it on to 





1Superintendent and “Assistant Superintendent. 
*From WATER WORKS AND SEWERAGE, June, 1936. 

















Compressor Connected to Hydrant 











Removal of Water from a 12-In. Main 


another connection, on top of the barrel, and build up an air pres- 
sure in the barrel. When opening the faucet the alcohol would 
gush out. That gave me an idea. 

At about the same time one of us was called in at a private 
hoine which had a well supply. They had purchased a storage 
tauk and pump unit. The tank contained approximately a thou- 
sand gallons. After the pump had filled the tank so that the gauge 
would indicate 60 lbs. it would only require about an hour before 
the pressure would drop so low that no water could be obtained 
in the house. It indicated that there must be a leak somewhere 
in the line. After testing for about an hour the leak was located 
out in the yard. This was later dug up and repaired. But what 
interested us was that almost 80 per cent of the tank from the 
bottom toward the top had a sweaty appearance on the outside 
and the upper part was dry. This indicated very conclusively that 
the upper 20 per cent was compressed air, and, from this, energy 
was obtained to force the water out of the tank and into the house. 

Now the third experience with compressed air followed almost 
immediately when we received a complaint from a customer that 
was receiving a large quarterly (metered) water bill. Since the 
bill was approximately $40 per quarter, and as the estate being 
supplied was of such large proportions, we assumed that it was 
legitimate consumption. ‘ 

We immediately made an inspection. The pipe line consisted 
of about 1,200 feet of 2-inch cast iron cement-lined pipe with 
the meter in a pit at the property line. We inspected and tested 
the entire line with the exception of a swampy area of about 100 
feet across it. We could not find a resemblance of a leak. The 
only place left was the swamp, which was covered with water. 
We thought we would try compressed air. We got our air ccm- 
pressor and placed it near the meter pit. We disconnected the 
meter and connected the air hose to the outlet pipe of the meter 
setting. We started up the compressor and turned the air into 
the pipe line and in about three minutes bubbles appeared out in 
the swamp water. We marked the spot with a stake and later, 
when the water receded, we dug it out and found the hole in the 
pipe that was responsible for the waste. 

So, from these experiences, we felt that by applying com- 
pressed air into a pipe line and having a hydrant open, it would 
force the water out. With this thought in mind, it was not long 
before we had an opportunity to try out our idea, and it exceeded 
our fondest expectations. We have used it several times lately, so 
successfully that we have told some of our friends about it and 
they too are highly pleased with the results. 


Procedure Developed 


In making connections, the lay-out must be looked over care- 
fully to find the highest place possible on the section to be emptied 
and there connect in the air. Then the hydrant at the lowest point 
must be opened wide. It is not necessary to close off any services. 
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Sketch Showing Three Conditions Wherein Water Removal with Air Compressors Was Successful 


When the district is shut off and the air compressor is connected, 
either to a hydrant or house connection, and the relief hydrant 
is opened, turn the air into the main, and almost instantly the 
water will start coming out of the waste hydrant. The compressor 
that we employ normally indicates 100 lbs. when the tank is full. 
The pressure will almost immediately drop from 100 Ibs. to 60 lbs., 
and sometimes will gradually drop to 40 lbs., depending upon the 
size of the pipe. The larger the pipe, the greater the drop in 
pressure. 


Some Experiences 


Our outstanding performance was in connection with the empty- 
ing of a long line consisting of 1,000 feet of 8-inch pipe and 
about 5,000 feet of 6-inch, terminatnig in a dead-end district—See 
sketch. In this section we had planned several changes and we 
had seven holes dug. One was for the laying of a 6-inch line 
across this street. Three hydrants had to be moved back and 
gates cut in on the branches and three extra gates cut into the 
main line. We connected up our compressor to the first hydrant 











Removing Water from 6-In. Main by Air Pressure. 
Section 480 Ft. Long Emptied in 3 Minutes 


and opened up the last hydrant at the end of the line. We closed 
off the district at 8 a.m. and then turned the air into the line, 
and in thirty-five minutes the water was forced out, and air then 


came out of the last hydrant, indicating that the water was 
removed. During this thirty-five minutes the water came faster 
and faster, due to the fact there was progressively less water and 
less weight to push with each succeeding minute. 

During the day we cut into this pipe line in seven places and 
none of the epenings had enough water in them to even require 
common rubbers over the shoes. In fact, six of them were 
completely dry. You can readily see the value of this procedure. 
It is inexpensive, quick, and in most instances a dry trench can be 
had. You can well imagine how long it would have taken to com- 
plete the job if the cuts were made and hand or gasoline pumps 
had been used in the removal of the water from the trench. 

Another experience on a 6-inch line 1,500 feet long was inter- 
esting in that a hill was within the area. Half way along the 
line at a low point there was a hydrant which was used to remove 
the water. At one end of the line was another to which we 
connected our compressor line. This hydrant was about 5 feet 
higher than the hydrant we were to blow the water out through. 
At the other end of the section of line was the gate, located at 
a point about 25 feet higher than the hydrant which was to be . 
used to blow out the water.—See sketch. After closing the gate 
the two hydrants were opened and the compressor turned on. In 
a very few minutes the water ceased to flow and air came out 
of the hydrant. The compressor was closed off for about a minute, 
which allowed the water on the hill to flow down into the lower 
area. Then the compressor was turned on and more water gushed 
out. This procedure was repeated several times until no more 
water came out of the hydrant. The tee was then cut into the line 
and pipe laid to a gate. At no time did water come out of the 
cut pipe. 

This scheme has also worked out satisfactorily on a 12-inch pipe 
line of about 900 feet in length and nearly level. 

We have also located the ends of our two intake suction lines 
from our two sources of supplies. At our main station we have 
a connection around our well house connected into our discharge 
system in order to reverse the flow of water in the suction line. 
There was a connection wherein we could connect our com- 
pressor. After closing the gate on the suction line in the well 
house the air was turned on and bubbles appeared all along the 
line for about 300 feet out into the lake. When the air reached 
the end of the pipe it then came to the surface, causing the water 
to bubble up sometimes 2 feet above the surface. It showed very 
conclusively the location of the pipe and the end of it. 

This method of removing water from pipe lines has eliminated 
all physical effort in securing a dry trench and has materially 
speeded up the work. It is inexpensive and almost always leaves a 
dry pipe and trench. 
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WATER WASTE SURVEYS 






By A. D. STALKER* 
Ottawa, Canada 


Waste control, as a subject, can be divided very conveniently 
into two parts: First, that having to do with wastage which 
takes place inside houses and other buildings; and second, that 
concerned with wastage from the underground portion of the 
distribution system. 


Meterage as a Remedy 


3y far the most effective method of dealing with the wastage 
that takes place inside buildings is by having services 100 per 
cent metered. The person who has to pay for water through a 
meter can generally be depended upon to be economical in its 
use. To make the watertaker pay for the water he wastes, will 
reduce that waste to a minimum. 


In cities or towns where none, or only a small percentage of 
the services are metered, the control of waste from defective 
plumbing fixtures is much more difficult. Systematic house-to- 
house inspection, regularly maintained by a permanent staff of 
inspectors, will prove a great aid in keeping this class of waste 
within reasonable bounds. These inspections must be frequently 
repeated, and to be effective must be supported by strong laws 
and good plumbing ordinances. 

In Ottawa when defects in plumbing fixtures are located by 
any one of the inspectors, the owner of the property is given 48 
hours in which to make the necessary repairs. The inspector re- 
examines the premises at the expiration of the 48 hours, and if 
repairs have not been made, the service is shut off, and before 
it is again turned on repairs must be effected, and the owner is 
compelled to pay the sum of $1.00 as a charge for the services 
of the turnkey. 

The public in general seems to think that the information con- 
tained in educational literature dealing with the importance of 
attending to small leaks and wastes should make a great im- 
pression—on somebody else. The value of this type of waste- 
control work is debatable. The writer’s opinion is that the re- 
sults obtained are not worth the trouble and expense of getting 
up and distributing the literature. The only cure for waste due 
to carelessness is metering. 


The Pitometer 


The second phase of waste reduction has to do with the loca- 
tion of leakage from the underground portion of the distribution 
system. To find the leaky parts of the underground system, a 
survey must be made to ascertain where the water goes after 
leaving the pumps, and what parts of the system receive exces- 
sive quantities. This can be accomplished by means of a pitometer. 

The pitometer is an instrument that adapts the “Pitot” prin- 
ciple to the measurement of water. Two tubes enclosed within 
a metallic sheath are introduced into a water main through a 
l-in. corporation cock. The tubes are set in such a position that 
one orifice faces directly up-stream and the other directly down- 
stream. They are connected by means of rubber tubing to the 
two legs of a glass U-tube containing a liquid of a specific grav- 
ity higher than water and which will not mix with it. The dif- 
ference between the pressure on the downstream and on the up- 
stream orifices, which is the pressure due to velocity, causes a 
deflection of the liquid in the arms of the U-tube, and from this 
deflection the flow is calculated. 

The prism photo recording pitometer makes a continuous pho- 
tograph of the U-tube fluctuations upon a sheet of sensitized 
paper attached to a drum revolved by clock-work. The drum 
can be geared to complete a revolution in 12, 24 or 48 hours. 
From this photo record the flow through the main can be ascer- 
tained for any time during the gauging. 

To measure accurately the flow through mains with the pitome- 
ter, the ratio of the mean velocity to the center velocity must 
be established, as the orifices of the instrument are set at the 
center. This ratio is called the “pipe coefficient” and is estab- 
lished by traversing the pipe. A pipe traverse is made by taking 
readings of the velocity at intervals across the pipe sufficiently 
close together to make a smooth curve when plotted. The pipe 
section is divided into rings of approximately the same area. 





*Prin. Asst. Water Works Engineer, Ottawa, Ont. 


The mean velocity of each ring in feet per second multiplied by 
the area of the ring in square feet, gives the ring volume in cubic 
feet per second. The mean velocity for the whole pipe section 
is the total of these ring volumes divided by the area of the Pipe. 
The mean velocity divided by the center velocity is the pipe co- 
efficient. On large mains it is desirable to traverse the pipe on 
two diameters 90 degrees apart and in the same plane. By using 
two rod meters, one can be left at the center of the pipe and 
the traversing done with the second, and readings taken when 
the center velocity is the same in each case. The pipe coefficient 
is the same for all velocities in the same pipe at any particular 
point, and it is upon the discovery of this principle that all 
pitometer gaugings are based. 


How Pitometer Survey Is Made 


A pitometer survey should properly start at the pumping sta- 
tions, and the discharge from the pump checked. When this 
has been done, I think it good practice to test all trunk or feeder 
mains before dividing the system into districts. These mains 
taken separately can be quickly done, and the distribution of 
water through that part of the system fed by them is interfered 
with for a much shorter time than would be the case if they 
were to form part of a district. Furthermore, trunk mains are 
usually so spaced as to form excellent district boundaries. 

More accurate results can be obtained if the pitometer tap is 
placed on a small main feeding into the trunk main than would 
be the case if the tap were to be placed on the trunk main itself, 
as a flow that would cause scarcely any deflection of the liquid 
in the U-tube if the tap were on the large main, would cause a 
sufficiently great deflection to give an accurate measurement of 
the flow if the tap were on the smaller main. The tap may be 
placed in such a position as to serve as a gauging point both for 
the trunk main and one of the districts. 

The next step is the dividing of the system into districts. This 
work must receive careful consideration. A district should be 
of a size that can be conveniently sub-divided in one night during 
the hours of minimum consumption, and the boundaries laid out 
with a view to causing as little interference as possible with the 
circulation through the balance of the system. The gauging 
point should be on a main of such a size that a velocity of about 
4 ft. per sec. would supply the maximum normal demands of 
the district, without any allowance for leakage. This velocity 
will give a deflection of about 17 in. on the U-tube, using a liquid 
of 1.25 specific gravity. The maximum consumption would not 
be likely to cause a velocity great enough to blow the liquid out 
of the tube, and the minimum consumption would cause a fairly 
high deflection. When the district is first gauged, a velocity 
higher than the above will probably be recorded ,and a heavier 
liquid might have to be used. The idea behind choosing a main 
of this size is to ensure a deflection high enough to give an 
accurate measurement of the flow when all leaks have been 
stopped. 

It is necessary that those entrusted with waste reduction should 
become thoroughly acquainted with the conditions that exist in 
the various districts. The population and how it is distributed, 
and whether the area is industrial or residential, must be known 
in order to determine what quantity of water would be sufficient 
for its needs. 

If the survey being made is an origiral one, a 48-hour record 
should be taken, including a Sunday if possible. Very careful 
records should be kept of all flows recorded and work done, and 
of any peculiar or unusual conditions that may be found to exist, 
as this information will, without doubt, be of great assistance in 
later surveys. Weather conditions and any circumstances which 
might affect the consumption of water should be noted. 

When the flow is to be gauged, the district is cut off from 
the rest of the distribution system by closing all the valves on 
the boundaries, excepting on the pipe to which the instrument is 
connected. To make sure that the valves are holding properly, 
and that no water is getting in, either through them or throug 
services that may be joined up inside buildings and connected to 
mains on both sides of a boundary, the main feeding the area 
enclosed should be closed and a hydrant at the highest point 
within the boundaries opened. If the hydrant is not off, the point 
at which the water gets into the district must be located, and 
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THE NATIONAL WATER MAIN CLEANING 
COMPANY 


Contractors for Cleaning of Water Mains 
Hudson Terminal Building, New York, N. Y. 
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The fact is well known that most hy ATI re) N A L enced superintendents who can give 





water mains are continually decreas- 
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you a satisfactory job at a minimum of 














expense, and with a minimum of dis- 





ing in carrying capacity. As_ they 
become more clogged more pressure must be exerted 
to keep the flow up to normal; or, if the system runs 
by gravity alone, sooner or later more mains must be 
purchased, or new sources of supply, or both, or the 
time will come when there will be insufficient flow to 
take care of the city’s needs. 


UNLESS— 

You clean the mains by THE NATIONAL 
METHOD, to restore them to CLOSE TO 100 PER 
CENT OF THEIR ORIGINAL EFFICIENCY AT 
A SMALL FRACTION OF THE COST OF ANY 
OTHER METHOD OF KEEPING THE WATER 
SUPPLY UP TO NORMAL. 


What Causes These Mains to Become Clogged? 

The causes may be divided into three classes—cor- 
rosion, growths (both vegetable and animal) and 
deposits, or sedimentation. Year after year the 
incrustations and deposits on the pipe interior get 
thicker and thicker, until the effective diameter of 
the pipe has been materially reduced. 


How Does One Recognize the Fact 
that the Mains Need Cleaning? 

In some cases the low pressure in districts indicate 
this. In other cases, the increased power needed at 
the pumps is an indication of the reduced carrying 
capacity of the mains. Occasionally, an unpleasant 
taste or odors become evident. This is a source of 
ill-health sometimes. 


Let us suppose that it is definitely known that 
the mains need cleaning. 


Why Choose the National Method? 


Because the National method is quick and inex- 
pensive. Because its field staff consists of experi- 
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20” Main in a Midwest City Before Cleaning. 


comfort and disruption of service. 


You may furnish LOCAL LABOR if you desire. 
The National Water Main Cleaning Company sup- 
plies the equipment, and an experienced superintend- 
ent to supervise the work. 


THE COST 


No general figures of cost can be given. In making 
up an estimate of the cost of any water main clean- 
ing job, it is necessary to take into consideration 
the following items: 

1. Location of work 


(a) Transportation charges for men and equip- 
ment. 


(b) Location of work—country or congested 
district. 
2. Labor conditions 


3. Amount of work 
(a) Size of mains to be cleaned. 
(b) Number of feet of each size. 
4. Layout of mains to be cleaned 
(a) Location of valves, and time required for 
complete shutoff. 


(b) Whether pipe must be cleaned in short 
stretches or long, because of pipe layout or 
condition. 


wn 


Water pressures available 
6. Depth of pipe and nature of digging 

Let the National Water Main Cleaning Company 
give you a figure on the cost of cleaning the water 
main in your city. Send complete description of the 
conditions, and we will furnish you a quotation with- 
out obligation. 





When a Pipe Lining Is Tuberculated to This Extent, the Frictional 
Resistance to Flow Is Considerable. 
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the flow stopped. When it is assured that the whole supply 
passes through the main to which the instrument is connected, 
the district is ready for the taking of the record. Precautions 
should be taken to prevent street flushers drawing water from 
hydrants located within the district boundaries while the record 
is being taken. It is advisable also, to have a man with a valve 
key stationed at a fire hall either in or convenient to the enclose 
area, so that valves could be opened w:'th as little delay as possi- 
ble in the event of a fire breaking out. If a fire occurs in a 
district while the flow is being recorded, the record will be 
ruined, and opening the boundary valves cannot make it any 
worse. 

If the record taken indicates that an excessive amount of water 
passes the gauging point, and that the flow remains high during 
the hours in which very little water would be used, the district 
should be sub-divided. For subdivision purposes the mechanism 
revolving the drum of the pitometer is geared to complete a 
revolution of the drum in twelve hours. This will give a move- 
ment of an eighth of an inch in five minutes. 

One method of sub-dividing is to divide the whole district into 
sections as small as the spacing of the valves will permit, and 
then closing a section down for a short period (at least five 
minutes) and re-opening it, and repeating this operation with 
other sections, until all have been shut down. Another method 
is to start at the boundaries and work towards the instrument, 
gradually reducing the size of the district, and as the new 
boundary valves are closed, the old ones are opened. The 
method used will depend on the conditions that exist in the 
district. With either method, the time each shutdown is com- 
pleted must be noted. It is important that all valve operations 
should be checked over before leaving the district, to make sure 
that no valves are left closed. 


Locating the Leaks 


When the subdivision record has been interpreted we will 
know the quantity of water.each section of the district received. 
The sections that receive excessive quantities should be carefully 
gone over and the reason for the large flow ascertained. It is a 
good idea to have a plumbing inspector make a special examina- 
tion of the fixtures in all buildings in these areas. If this in- 
spection fails to account for the flow, it is assumed that the 
cause is underground leakage. 

There are a number of methods usually employed to give the 
exact location of underground leakage. The one most generally 
used, and the one by which a great majority of leaks are found, 
is by sounding. There are a number of instruments on the mar- 
ket devised to help in picking up sounds, and those that I have 
used have proven of great assistance. The procedure is to sound 
all the valves, hydrants and services in the suspected area, and 
sometimes it is possible to get closer to the source by driving 
rods down to the main. It is remarkable what an experienced 
man can accomplish by sounding. In a great many cases he can 
not only tell where the leak is, but its nature—whether it is a 
blown joint, a split main, or a burst service pipe. 

There are, however, a number of cases in which the sounds 
picked up are confusing. Where there are two or more leaks 
close enough together for the sounds to overlap, it is difficult to 
isolate the sound from one leak and trace it to its source. Leaks 
that discharge under water produce a sound that is often mis- 
leading. Then there is the abandoned service that has not been 
properly blanked at the main. 

Other methods used in conjunction with sounding include test- 
: ing the pressure at different points until the point of minimum 
pressure is located; noting the flow in sewers at the manholes; 
pounding the road surfaces to endeavor to locate cavities beneath 
the pavement, and searching in cellars and excavations for 
dampness. 

If the above expedients fail to locate the leak, the primitive of 
digging is resorted to. It is quite probable that the first hole put 
down will not be in the right place, but from the conditions that 
exist at this point, a second hols is usually all that is necessary. 

Water appearing any place should be looked on as a possible 





leak, if the reason for its appearance is not apparent. The fol- 
lowing is offered as an illustration: Some years ago, this cit 
had a serious epidemic of typhoid fever. Water from any pee. 
other than the city mains was in great demand. During this 
time the writer noticed people drawing water from what ap- 
peared to be a spring located at the bottom of a hill. Those 
familiar with the locality insisted that this spring had always 
been there, and the city had had a sewer installed to carry off the 
overflow from it. A sample of the water was analyzed and the 
analysis showing that the water was very similar to that supplied 
by the city, the area in the vicinity of the spring was examined 
At the top of the hill a 2-in. service that had been installed some 
thirty-odd years previously, was found to be running full bore 
This was stopped and the “spring” immediately dried up. , 


Other Duties of Waste Reduction Department 


In addition to the work outlined above, it is the duty of the de- 
partment in charge of waste reduction to attend to all cases of 
flooding of cellars. The first thing to be done in these cases js 
to find whether or not the water department is responsible. In 
most cases a test of the electrical conductivity of a sample of 
the water is sufficient to decide. If the result of this test is not 
conclusive, an analysis of the water is made, and if it shows 
that the water comes from the mains, the leak is located by one 
of the methods mentioned above. 


When serious breaks occur in the distribution system they 
usually give plenty of surface indication as to their locality. 
These are attended to by the trouble department. Bad breaks 
do occur without giving such indication, however, and these are 
followed up by the waste-reduction department. In such cases, 
the department first gets in touch with all the fire halls in the 
city, each of which has a pressure gauge installed, to find if 
possible an area in which the pressure has dropped. If no indi- 
cation is given in this way, men are sent out to go over those 
parts of the system where it would be possible for the water 
from such a break to escape without surface indication. To 
know where to send the men requires an intimate knowledge of 
sub-surface conditions throughout the city. Pipes crossing water- 
ways and mains in rocky sections through which large sewer or 
other excavations have been cut, should be sounded, and if the 
leak still remains unlocated, short readings of the flow to dis- 
tricts is resorted to. 





Blotting Out Waste 


Safe Water What Leaks May Cost 
delivered night and day TF Sa Fe ale 
Costs Less yy 47,600 1,451,800 $156.21 
than anything else you buy 
. but - - %" ©) 12,300 375,150 60.05 
Don’t Ignore 
Leaks! 1" oO 3,200 97,600 19.65 
zee ” 


1 
Satisfied customers are worth 16 ° 
more to us than revenue 
secured from water uselessly 1 
passing through meters. 7 


860 26,230 6.35 


e 215 6,550 1.97 


( Above estimates are based on Indianapolis 
pressure without allowance for friction ) 





INDIANAPOLIS WATER CoO. 


The above is a reproduction of the top side of a little blotter 
sent out to customers, reminding them of the high cost of allow- 
ing fixture leaks to persist. If as good at, blotting waste as ink, 
the scheme is praiseworthy. 

Incidentally, the Indianapolis Water Company gets in a good 
public-relations message about satisfied customers being worth 
more to them than the added revenue from the uselessly metered 
wastage. : 




















WATER WORKS AND SEWERAGE DATA 195 





MAINTENANCE OF VALVES AND HYDRANTS 


By CARL A. HECHMER* 
Hyattsville, Md. 


It is surprising, especially in small towns and villages, how 
little attention is given the maintenance of gate valves and fire 
hydrants on their water systems. The need of good engineering 
advice and design is recognized and is compulsory in almost 
every state. Practically every state: health department has a 
law compelling the submission of plans for approval before a 
water system can be built. The question of good materials is 
also generally given the utmost consideration and the best valves 
and hydrants obtainable, in the judgment of those in charge, are 
purchased and put into the water system. In many instances they 
are promptly forgotten until an emergency arises and quick, sure 
operation is necessary. Unless valves and hydrants are given 
regular attention and properly maintained the water works 
superintendent has no assurance that they will function properly. 
This fact applies to any make of valve or hydrant or to any 
other mechanical device or piece of machinery. Unfairly, the 
failure reflects on the designing engineer or the manufacturer 
of the material, and the local department is given a clean bill of 


health. 


Valves 

All valves on a water distribution system should be inspected 
once each year. This is the minimum requirement of the Fire 
Underwriters’ Association. However, semi-annual inspection is 
advisable, if finances will allow it. Not only will the mechanical 
condition of the valve be assured, but valve boxes covered by 
paving material or earth will be located and reset ready for 
immediate operation in emergency. This is especially true in rural 
and suburban sections with a large percentage of unpaved streets. 
When a large leak occurs, excitement prevails and considerable 
time may be lost in locating a valve box. Occasionally a large 
stone or stones are found down in valve boxes and these con- 
ditions are revealed on inspection and removed. In case the 
valve has to be dug up, uncovering the valve, it is advisable to 
install new packing in the packing gland, which will prevent 
digging it up for repacking for a long time. Always repack a 
valve when it is uncovered for any repairs. Packing is cheap 
and easily installed while the valve is exposed. To dig up a 
valve just to stop a packing leak is an expensive cperation. 
Inspection also locates valves which were carelessly or acci- 
dentally left closed. Any water distribution system is weakened 
by gate valves being closed when they should be open. 


How a Valve Inspection Should Be Made 


In addition to the box inspection, a valve inspection should pro- 
ceed as follows: First set the valve key on the valve nut pre- 
paratory to turning the stem. Pcur a small quantity of kerosene 
cr diluted automobile crankcase drainings dcwn the valve key 
stem. The oil will run down the key to the operating nut, thence 
to the valve stem and lubricate the valve stem against the pack- 
ing gland. Finding its way into the packing gland, the packing 
will be softened ard revived. Then operate the valve up and 
down several times, bringing the gate down into the groove hard 
each time and then opening the valve about one-quarter way. 
Valve troubles, preventing complete shutdown, are usually caused 
by the accumulation of sediment under the seat. Each time the 
gate is pushed down into the groove a small portion of this 
sediment is pushed out the sides. The high velocity of the water 
through the partly opened valve removes what is pushed out 
and the operation is repeated until the groove is sufficiently 
cleaned to allow the gate to seat properly. This procedure is 
especially recommended when valves fail to hold when attempt- 
ing a shutdown. Of course, if the groove is filled with large 
stones or jointing material, the valve must be dug up and taken 
apart for repairs. The writer once operated a 16-inch valve up 
and down thirty times and secured a perfectly tight shutdown. 
The valve had not been operated for a long time. having been 
declared worn out, since it always allowed a large volume of 
a to pass with the gate turned down hard with levers on 
the key. ; 

In operating the valve a check should be made of the number 
of turns on the stem. Generally, for the same size and make of 
valve, the number of turns to close or open the valve completely 
is the same. and a check can be made to see if the stem is bent, 
preventing the valve from completely closing or opening. Either 


condition should be corrected, as partly open valves weaken the 
system and, obviously, partly closed valves will not shut off the 
water. 

If the valve stem can be turned around and around with no 
apparent effect on the gate, the stem is broken and must be 
repaired. 

Geared valves, usually set in manholes, must be given special 
attention on inspection. The gears should be cleaned with a wire 
brush and greased with a light clinging grease. The stuffing box 
should, of course, be examined, and the by-pass valve should 
receive the same attention as the smaller valves on the distribu- 
tion system. 


Fire Hydrants 


Proper care in the installation of a fire hydrant is necessary 
and makes maintenance less expensive. Proper drainage of the 
hydrant barrel after the main valve is closed is essential to pre- 
vent freezing of the hydrant in northern climates. The best 
method is to provide a bed of crushed stone or gravel around 
the bettom of the hydrant. The amount of stone necessary is 
dependent on the nature of the soil. In loose sandy soils a much 
smaller drainage bed can be provided than in a clay soil that 
absorbs water very slowly. A safe margin is to provide sufficient 
area to allow the drainage of an amount of water equal to twice 
the contents of the hydrant barrel. Connections are often made 
direct from the hydrant drain valve to the sewer. However, 
there are two serious objections, first, the cost and, second the 
direct connection between a sewerage system and a domestic water 
supply, even though the possibility of contamination reaching 
the water in the mains is remote. Generally water mains are 
laid on cne side of the street and sewers on the other. Hydrants 
are installed at the curb on the same side as the water mains to 
shorten the length of the lead. To connect each hydrant drain 
across the street to the sewer would prove much more expensive 
than providing a stone drainage bed. 

Fire hydrants must be inspected at least twice each year, in 
the spring and fall. Four inspections annually should be made, 
if possible, and this number of inspections is advocated by the 
Fire Underwriters’ Association. In high value districts, weekly 
inspections are often made during extremely cold weather. Ar- 
rangements should be made between the water department, the 
fire department and any other possible users of hydrants to 
report to the water department immediately after using a hydrant 
during freezing weather and an immediate inspection made to 
insure the good condition of the hydrant. Use of hydrants by 
private individuals or contractors should be allowed only by 
special permit, and the daily charge made high enough to 
permit daily inspection during freezing weather. During mild 
weather the inspection charge can be reduced, as weekly inspec- 
tions are sufficient. 

Valuable data may be secured by the fire hydrant inspection 
by measuring the static pressure, the residual pressure with one 
nozzle open, and the flow of water from the hydrant. [See artitcle 
on making hydrant flow tests (Wilson) elsewhere in this issue — 
Ed.] Weak points on the distribution system can thus be deter- 
mined and improvements due to new installation readily noted. 
System weakness due to unknown closed valves is also discovered 
and can be corrected. 


Procedure for Making a Hydrant Inspection 


The following procedure is suggested for making a hydrant 
inspection : 

First make a physical examination of the hydrant, noting the 
condition of the operating nut, the nozzle caps and chains, and 
the general appearance of the hydrant. Then listen for leakage 
with an aquaphone placed on the operating nut. Then with the 
nozzle caps on tight open the hydrant valve. If static pressure 
readings are to be taken, replace one of the nozzle caps with one 
connected to a pressure gauge. Note if all the nozzles are tight 
in the hydrant and whether the drain valve has closed properly. 
If the drain valve has not closed water will appear around the 
barrel of the hydrant cn the outside. Then close the main 
hydrant valve and take off one of the nozzle caps. Observe the 
rate of drainage of the barrel to determine whether.any obstruc- 





*Engineer of Distribution, Washington Sanitary District. 
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tion has entered the drain valve. To clean the drain valve replace 
the nozzle cap and crack the main valve. As it requires about 
three full turns open on the main valve to completely close the 
drain valve on most makes of fire hydrants, the latter is still 
open on two turns. The full pressure of the water in the hydrant 
generally will push out any obstruction in the drain hole and the 
jet effect of the water through the hole will cut away the stone 
or earth which has packed around the outside. This simple 
remedy will eliminate the necessity of digging up the hydrant, 
in most cases, to correct drainage troubles. 

With one nozzle cap off, open the hydrant and thoroughly 
flush out the water in the lead. At this time the observation of 
residual pressure and rate of flow should be made. Then close 
down the hydrant slowly. If the hydrant fails to close off 
entirely, the trouble is probably being caused by an obstruction 
under the main valve. Do not put extra leverage on the hydrant 
wrench, but open the hydrant up again and then close it, repeat- 
ing the operation several times. Do not attempt to close down 
beyond the point where the obstruction prevents the main valve 
from seating properly, as the obstruction will become embedded 
in the main valve and connot be flushed off, or the valve seat will 
be damaged. Both valve and valve seat are damaged by attempts 
to force closing against obstructions. Foreign matter can gener- 
ally be dislodged by flushing and it is then not necessary to 
dismantle the hydrant. 

After the hydrant is closed and the rate of drainage checked, 
the stem should be oiled and the nozzles greased with a graphite 
grease. This kind of grease will not wash off and it prevents the 
nozzle caps from sticking. 


Inspection Records 


Record of the inspection should be kept on a field sheet. The 
location of the hydrants to be inspected can be entered on the 
sheet in the office. These will allow correct routing and pre- 
vent skipping any hydrants. The information on the field inspec- 
tion sheets can then be transferred to a permanent record card 
in the office. A card should be in the file for each hydrant 
stating the size, make of hydrant, and information regarding 
pressure at the hydrant. The date of each inspection should be 
entered on the card together with the observed pressures and 
rate of flow. Necessary repairs and their costs can also be 
recorded on the card and a history of each individual hydrant js 
easily obtained. 

For quick reference the following is suggested: Use a map 
of the water system mounted on wall board with a push pin to 
denote the location of each hydrant. The color of the pin can 
show the conditicn of the hydrant as reported daily by the 
hydrant inspectors and the repair foreman. Use a blue pin for 
a hydrant in good condition, a black pin for a hydrant in need 
of minor repairs but not out of service, and a red pin for a 
hydrant out of service. Then when an inspector reports a hydrant 
out of service it is possible to tell at a glance whether the 
hydrants around it are in good condition. If several makes of 
hydrants are in use, it is an advantage to know the make of hy- 
drant before sending out a repair gang so the proper parts can be 
carried along. By using a small round colored disc under each 
push pin it is possible to determine at a glance the make of each 
hydrant, a different color being used for each make of hydrant. 





Loss of Head Through Valves and Fittings 
(Burns and McDonnell) 
To determine loss of head—Assume flow (Q) to be 5 cu. ft. 


sec. through a fitting of 12 inch diameter. From Q—AV the 
velocity (V) = 6.4 ft. per sec. From the chart, velocity head 


7.0 


y? 
——0.7 ft. 
2g 
= 0.18 ft. For a tee 1.25 x .7= 0.87 ft. 

(Note—Recent correspondence with the producers of this 
chart cites valves for check valves far in excess of the 0.5 in- 
dicated.—Ed. ) 


Applied to 90 degree bend head loss is 0.25 x 0.7 
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VALVE SPECIALTY CO. 


1350 Fulton Bldg. 
PITTSBURGH, PENNA. 





THRU-FLOW 
CONE VALVE 


Afford full pipe line 
flow without friction 
loss. Always oil lubri- 

p cated. Axially unseats 
i before it rotates with- 
p sagt : 
out friction, rub ot 
/{, Wear. Especially de- 
sirable for sewage dis- 
posal service. 








THRU-FLOW PLUG 
VALVE 


Furnished all sizes for lever 
or handwheel control. Axially 
rotates without 
Easy to operate 


unseats and 
rub or wear. 
under hydraulic pressures. 
Furnished for any liquid serv- 
ices with round port opening. 





WATER REDUCING 
VALVE 


Assures positive control 
of low pressure. Air and 
water cushioning prevents 
shock or hammer. Sup- 
plied with single or dual 
controls for any 


Sizes to 24’. 


pilot 
service. 





WATER STRAINER 


Large capacity with 
minimum friction loss. 
Strainer basket quickly ac- 
cessible and easily cleaned. 
Basket mesh furnished to 
suit any service conditions. 
Sizes to 24”. 








ALTITUDE CONTROL 
VALVE 


Assures uniform water 
level in tanks, standpipes 
and reservoirs. Suitable 
for use in single or two- 
way line service. Heavy 
internal bronze mounting 
and air and water cush- 
ioning makes valve inde- 
structible. Sizes to 24”. 


WROAT_cRAmecs 


CONTROLLING FLOAT 
VALVE 


Ideal for heaters, vats, tanks, 
etc. Valve entirely self-con- 
tained and operates without 
water spill. Sensitive in opera- 
tion and indestructible due to 
air and water cushioning and 
heavy bronze mountings. Sizes 


to 24’. 


NON-RETURN VALVE 


Protect life and property 
against boiler tube ruptures; 
also, furnished in Triple Act- 
ing style to protect against 
steam line breaks. Supplied for 
low and high pressure steam 
service. Sizes to 12” in angle, 
globe or elbow patterns. 





ENGINE STOP VALVE 


The most efficient and de- 
pendable automatic stop valve 
to prevent overspeeding of tur- 
bines, engines, etc. Automat- 
ically tripped by mechanical or 
electrical control. Furnished 
angle or globe patterns to 12” 


sizes. 
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Founded 1870 


2357 NELSON STREET 


HILLS-McCANNA CO. 





Founded 1870 


CHICAGO, ILLINOIS 


SALES OFFICES 


Denver, Colo. 
Detroit, Mich. 
Greenville, 8. 
Houston, Tex. 
Indianapolis, Ind. 


Birmingham, Ala. 
Buffalo, N. Y. 
Chicago, Il. 
Circinzati, Ohio 
Dallas, Tex. 


Los Angeles, Cal. 
New Orleans, La. 
New York, N. Y. San Francisco 
Omaha, Neb. Tacoma, Wash 
Pittsburgh, Pa. Tulsa, Okla. - 


St. Louis, M 
St. Paul, Mina, 


Manufacturers of 


VALVES for Air—Water and Chemicals. 
PROPORTIONING PUMPS for accurate propor- 
tioning and feeding of liquids. 


LUBRICATORS for Automatic Mechanical Oiling, 
BRONZE CASTINGS for Corrosive and Heavy. 


duty service. 





SAUNDERS’ PATENT VALVES 





Screw Type 
Flange Type 


(Made in two types, one for water 
and compressed air and the other 
for chemical service). 

The construction of this valve is a complete departure 
from the conventional. There are no metal-to-metal 
seatings or accurately fitted parts used to effect a tight 
closure. The materials handled are confined to an area 
containing no working parts. This liquid area contains 
no obstructions to catch or lodge suspended matter. 
Clogging, sticking, leaking or “freezing” of the valve are 
impossible. The opening and closing medium of the 
valve is a tough, resilient diaphragm constructed of ma- 
terials that withstand the service to which valve is put. 
When closing valve, diaphragm compresses between a 
follower and a body weir, enveloping any irregularities 
on weir and forming a perfect leak-proof closure. 
Another valuable feature is the two-unit construction. 
Body of valve is distinctly separate from the bonnet, 
with the diaphragm in between. This eliminates neces- 
sity of removing valve from line for diaphragm replace- 
ment. Practically the only repairs necessary are occa- 
sional replacement of the diaphragm. The cost is small 
and diaphragms are changed quickly by merely unscrew- 
ing 4 bolts and lifting bonnet from the body. 

These valves are in use throughout the world and are 
the most efficient for any service where high tempera- 
tures (above 180°) and high pressures (above 150 Ibs.) 
are not involved. Made in sizes from 14” to 12” with 


bodies of cast iron lined with lead, rubber or glass, or 
made of bronzes or stainless steel. 
will be sent upon request. 


“ifs 


Interesting catalog 


BRASS OR BRONZE ALLOY 
CASTINGS 


We operate a completely equipped non- 
ferrous alloy foundry. Production consists 
of Aluminum Bronze, Manganese Bronze, 
Mone!, Red or Yellow Brass, Gear, Bearing 
and Pressure Bronze Castings. Our long 
experience and specialization in the difficult 
“copper-nickel” and “copper-aluminum-iron’ 
mixes, assures castings free from impurities, 
of correct physical and chemical structure 
and absolutely true to blue prints. 

Submit your prints for estimates. 





CHEMICAL PROPORTIONING PUMPS 


(Made in many sizes, alloys, etc.) 


These pumps 
are designed to 
provide an ex- 
acting mechan- 
ical means for 
feeding and con- 
trolling the in- 
jection of chem- 
icals, algicides 
and other treat- 
ing agents into 
various proc- 
esses. Types 
are available to 
suit any local 
power condition, 
for treating 
boiler water, feeding co- 
agulants, injecting chlo- 
rine, copper sulphate, etc., 
into water systems, in- 
jecting anti-stench liquids 
into sewage matter, inter- 
mixing two different con- 
stituents into processes to 
obtain certain reactions, 
in fact, for any fluid pro- 
portioning problem. 

The pumps are rugged- 
ly constructed and employ 
a single plunger pumping 
principle with deep packed 
stuffing boxes and ball, plunger or mechanically-operated valves, 
whch give them remarkab‘e efficiency and accuracy. 

Available for handling volumes ranging from 0 to 6,000 G.P.H., 
and pressures up to 12,500 Ibs. 

Send for catalog. 


FORCE-FEED LUBRICATORS 


Hills-McCanna Force-Feed Lubrica- 
tors were the first mechanical means 
devised for oiling stationary or mov- 
able equipment, to eliminate the haz- 
ards of hand oiling. They are con- 
sidered the most positive oi‘ers on the 
market, due to their single plunger 
pumping principle and other mechan- 
ism which assures positive delivery of 
every drop of oil pumped to bearings 
and friction surfaces, regardless of 
any counteracting influences, such as 
distance pumped, pressure resistance, 


etc. Model “ET” — Type “BF” 
Made in three types. Drives con- 

sist of reciprocating lever, clutch, pulley, sprocket, internal re- 

duction or direct drive, also motor drive through reduction gears. 

Send for catalog. 





“s"’ Type High Pressure 





“Ww” Type 
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HYDRANT DISCHARGE MEASUREMENTS 


Practical Methods of Making Measurements; Computing and Applying Results 


By P. S. WILSON* 
Water Works Consultant, Glen Ridge, N. J. 


The measurement of the discharge or flow from fire hydrants 
is a common procedure for engineers engaged in testing the fire 
fighting capacity of a water system. The fact is frequently over- 
looked that such measurements may also be very usefully ap- 
plied to many other vital problems with which the operator of 
4 water supply system is regularly confronted. It is likewise not 
always realized that this work may be performed with but a 
small expense for equipment and without the need for special 
technical training. 

Actual measurements of the flows taking place in a water 
distribution system may furnish extremely valuable information 
to the water works operators. A water distribution system is 
different from most of the equipment with which other business 
is conducted. It is buried underground and is not subject to 
ready inspection. The greater portion of it has not been seen 
for a generation or more. Its present operator has never seen 
most of it and almost all he knows of it is what he has been 
told second or third hand or what he learns from maps and 
records which are in many cases woefully deficient. What in- 
formation he does obtain about his system is mostly history,— 
what it was when it was last seen, years before, not what it is 
now. It is on account of these conditions that actual tests and 
measurements are of such great value. One can authorize for a 
long time as to whether a certain valve is open or shut and one 
may even operate the valve one way or another and still not 
know much more than before. But if the water in proper quan- 
tity flows through that valve and evidences itself on the other 
side, then the question is settled and there is no more possibility 
for argument. 

There are two principal methods of making field measure- 
ments of the flows in water distribution systems. One of these 
is by means of the Pitot orifice tube inserted through a cor- 
poration cock in the side of a main. Such measurements when 
properly applied are of inestimable value. However, a method, 
of making tests, which is more readily available to the average 
operator, involves the measurement of hydrant discharges and 
less time, expense, and equipment are necessary therefore. Meas- 
urements so made are not, of course, a complete substitute for 
Pitot measurements in the pipes, but in many cases they may 
suffice in themselves to answer the questions at hand. Even if 
they do not, they always form a valuable guide and adjunct in 
the making of further and more elaborate tests, if these are later 
found necessary. 


Methods of Measuring Hydrant Discharge 


Measurements of the discharge from an ordinary fire hydrant 
with sufficient accuracy for most practical purposes is not diffi- 
cult. By the exercise of care and good judgment, results may be 
obtained within fairly close limits of accuracy. Rough and 
ready methods are for the most part amply sufficient, since, 
for the purposes usually involved, the conclusions arrived at 
would not be changed by a variation of five or ten per cent one 
way or the other in the test results. Some of the rather approx- 
— methods to be given must be judged with this fact in 
mind, 

The discharge from a hydrant nozzle is determined from the 
size or cross sectional area of the emerging stream and from 
the average velocity of that stream. From these two figures 
the discharge may readily be computed or may be directly read 
from tables or diagrams such as those appended to this article. 

Measuring Nozzle Diameter—Observation of flow from hy- 
drant nozzles shows that it completely fills the nozzle, as a gen- 
eral rule. Therefore, a simple measurement of the internal di- 
ameter of the hydrant nozzle serves to make known the diameter 
of the stream of water. The entrance to the nozzle from within 
the barrel may occasionally (particularly in some old styles of 
hydrants, and hydrants with, independently gated nozzles) be 
sharp enough to cause the emerging stream to be contracted 
slightly below the size of the nozzle and if such an effect is 
noted it should be allowed for in the diameter used. The in- 
ternal diameter of each nozzle used should be carefully meas- 


*Now Technical Asst. Secy., A.W.W.A. 








Two Methods of Determining Velocity of Nozzle Discharge. 
(Gage on Pitot Tube Held in Stream and Gage, Indicating Bar- 
rel Pressure, Show Practically Same Readings) 
Hydrant Pitot Tube with Gage at Right 


ured to the nearest one-sixteenth of an inch. An ordinary car- 
penter’s rule is satisfactory for this purpose. 

Determining Stream Velocity—The average velocity of the 
emerging stream of water may be determined in either of two 
ways. The most common method is by the use of a hydrant 
Pitot tube which may be inserted into the stream and which 
transforms the velocity head of the stream into the equivalent 
pressure head and registers it on an attached pressure yuage. 
This instrument is here pictured. It consists of a hollow blade 
or “cut-water,” shaped so that it may be thrust into the stream 
without unduly deflecting it. At the end of the blade is a small 
opening which points directly against the flowing water: The 
force of the stream striking into this opening creates a pressure 
in it which is transmitted through the hollow blade and handle 
to the pressure gage. The gage is an ordinary good pressure 
gage, except that it should be graduated to read more closely 
than most gages. The gage most frequently used is graduated 
every pound and only reads up to about fifty pounds per square 
inch pressure. It must be a good grade of gage to maintain 
its accuracy with such close reading. For some purposes it is 
of value to have a very low pressure gage graduated to half 
pounds. Sometimes the Pitot tube and the gage are held in 
place in the stream by a device which clamps over the outside 
of the nozzle. This .device is not ordinarily considered neces- 
sary, however, and its use results in greater damage to the 
Pitot tube if struck by a stone or other object carried by the 
water. The edges of the blade and the small orifice into it must 
be kept sharp and symmetrically shaped or the accuracy of the 
instrument will be seriously affected. 

In use, the Pitot tube is held in the stream and the pressure 
read while the small orifice is held at the center of the stream 
and pointing directly against the flow. Occasionally on large 
nozzles it is advisable to take a rough average of the pressures 
across the stream at different points horizontally and vertically. 
In most cases the pressure at the center will be found to be 
practically the average. In no case should the pressure very 
near the edge (within about one-fourth inch) be considered. 
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The other method of determining the velocity of the stream, 
and one which has been occasionally found more convenient by 
the writer, consists merely in placing on one of the hydrant 
nozzles a cap having an ordinary pressure gage tapped into it 
then allow the discharge to take place through the other nozzles. 
Due to the free discharge from the nozzles, practically all of 
the pressure head remaining in the barrel during the flow is 
transformed into velocity head in the jets. Since that is prac- 
tically the only source of velocity head in the jets, the ordi- 
nary pressure gage indicating the pressure in the barrel will 
read substantially the same as a gage on a Pitot tube held in 
a jet. This fact may be readily confirmed by trial. In this way 
the discharge of a hydrant may be measured with fair accu- 
racy, without the Pitot tube, merely by the use of a pressure 
gage, the gage reading being used to compute the discharge in 
the same manner as if it were a Pitot tube reading. The same 
type of gage should be used for this method as described above 
for the Pitot tube. Any pressure gage may be used, however, 
the accuracy of the results depending upon the accuracy of the 
gage and the closeness of the graduations and readings. 

An accompanying illustration shows a Pitot tube with gage 
being held in the stream from one hydrant nozzle while a pres- 
sure gage on the other nozzle is at the same time indicating the 
pressure in the barrel. This illustrates the two methods of de- 
termining the velocity head of the stream. Unfortunately the 
photograph does not make it possible to see what the gages 
are reading; actually they show the same—18 pounds per square 
inch. In using the Pitot at low velocities, where a quarter 
pound makes an appreciable difference, the instrument should 
be held horizontally so that the pressure gage will be at the 
same elevation as the nozzle. 

With the same accuracy of gage reading the only inaccura- 
cies in the second method as compared with the use of the 
Pitot tube are in the fact that there is a slight loss of head in 
entering and flowing through the nozzle and in the assumption 
that the velocity head in the barrel at the point of pressure 
reading is zero. This latter assumption is justified because the 
velocity in the barrel is low compared to that in the jet and 
the pressure reading is taken opposite or above the other noz- 
zles which are discharging. In any case, as before mentioned, 
trial will show that the results are in general substantially the 
same for both methods. If the hydrant Pitot tube is at hand, 
its use is best and most convenient; the availability of the other 
method, however, should always be borne in mind. 

The pressure gage on one nozzle, of course, prevents the use 
of that nozzle for the discharge of water. This is not always 
a disadvantage, however, particularly when the hydrant is 
equipped with a steamer nozzle which may be used for attach- 
ing the gage. 

A fact which may readily be perceived from the foregoing is 
that, when measuring the velocity with a Pitot tube, readings 
need only be taken (except as a check) in one of several noz- 
zles discharging simultaneously because readings in all of the 
nozzle streams should be practically alike. 


Computation of the Flow 


By the measurement of the nozzle diameter we now have 
Obtained the diameter of the stream of water, and from the pres- 
sure gage reading we have obtained a figure which bears a 
known relation to the velocity of the stream. The formula for 
the discharge may now be readily derived from the fact that: 

Discharge = (area of stream) X (average velocity) 

If d = the internal diameter of the hydrant nozzle in inches, 
then, using the formula for the area of a circle, the area of tke 

3.14xd* 
stream is ———— square inches. 
4 
this is divided by 144—the resulting formula being 0.00545xd* to 
obtain the area of the stream in square feet. 

The pressure gage reading, in pounds per square inch (p) is 
changed to feet of water head by multiplying it by 2.31. <A 
fundamental hydraulic formula states that the velocity of the 
stream of water is equal to the square root of the pressure head 
multiplied by the square root of two times the acceleration of 
a falling body, due to gravity. This latter (g) is a constant 
and is equal to 32.2 in foot and second units. Therefore: 


(a) Velocity of the stream in feet per second = 
V2.31 X p X V2 X 322=122X Vp 
(b) Discharge in cubic feet per second = 
0.00545 X d? X 12.2 X Vp = 0.0665 X d?x Vp 
(c) Discharge in gallons per minute = 


29.9x d?X Vp 


For convenience in computing, 








The velocity of the stream of water as determined by eithe 
of the two methods described does not take into account the wing 
low velocity of the stream around the edges where it is held Nee 4 
by its contact (friction) with the nozzle. To make allowance 
for this, as well as to allow for a possible slight contraction of 
the jet, it is necessary to make use of a coefficient in computin 
the results. This coefficient has been determined experimentally 
by checking hydrant flow measurements against other and eae 
accurate means of metering the flow. The coefficient should 
theoretically, be different for different hydrants, but it is suffi. 
ciently accurate for the purposes and means of measurement 
under discussion to use an average figure which has been found 
by experiment to be about correct for most cases. The figure 
most generally used is 0.90 and thus the formula derived above 
is modified as follows: 

(d) Discharge in gallons per minute = 

0.90 X 29.9 X d KX Vp= 269 x dX Vp 


For convenience the 26.9 may be rounded off to an even 27 
without introducing an error of importance, resulting in the com- 
pleted formula: 

(e) Discharge in gallons per minute = 

27x dX Vp 
in which d= diameter of nozzle in inches and, p= gage read- 
ing in Ibs. per sq. inch. 


The Advantage of Tables and Charts 


From this formula tables may be constructed in which the dis- 
charge is given for each combination of diameter of nozzle and 
Pitot pressure head and from which the result of the measure- 
ment may therefore be read directly without computation. A 
specimen is shown in Table 1. The discharges in this table are 
given to the nearest ten gallons per minute. Tables may be made 
up very conveniently to fit in field note books. For special pur- 
poses they may be abbreviated or enlarged either in range or in 
closeness of reading. 

Another method of handling the formula is by the use of dia- 
grams. A particularly convenient form for such a diagram, 
which the author has never seen in use elsewhere, accompanies 
this article. In this diagram measurements horizontally from 
the origin or zero are proportional to the square root of the Pitot 
pressure head, Vp. Measurements vertically are proportional to 
the discharge of the hydrant nozzle in gallons per minute. An 
inclined straight line passing through the origin then represents 
each value of the nozzle diameter, (d). A heavy line is drawn 
for each size of nozzle in use using the theoretically correct 
value of d—for example 2% inches for an ordinary hose nozzle. 
Light lines are then drawn on the diagram below and above the 
first ones representing %-inch undersize and oversize of each 
nozzle. From these three lines values for each 1/16 to %-inch 
under and over the nominal sizes may readily be read on the 


TABLE 1—HYDRANT DISCHARGE* 

Gallons per minute = 274d? V p 
Gage Reading—Hoze nozzle diameter in inches {d] 
‘ 97. y 


p 2ys 238 2 Ys 2% 225 25 

, Seen 70 80 80 80 90 90 
_ eer 100 110 110 120 120 130 
Ri apicnmere 120 130 140 150 150 160 
rer 140 150 160 170 180 190 
See 160 170 180 190 200 210 
aa 180 190 200 210 220 230 
ee 190 200 210 220 230 250 
D  Seaneews 200 210 230 240 250 260 
Biccne wane 230 240 250 270 280 290 
© eee waeee 250 260 280 290 310 320 
re 270 280 300 320 330 350 
M  vecceessee 300 320 340 350 370 
4%........310 320 340 360 380 390 
ee 320 340 360 380 400 420 
BUG. ccccee 340 360 380 400 420 440 
G6 ieas ven 350 370 390 410 430 460 
> ee 70 390 410 430 450 470 
eS | 400 420 450 470 490 
ree 400 420 440 ~ 460 490 510 
eee 410 430 450 480 500 530 
eee 420 440 470 490 520 540 
Oe we leain maton 430 160 480 510 530 560 
i eee 440 470 490 520 550 570 
Oe weaueond 460 480 510 530 560 590 
) Sor 480 10 530 560 590 620 
ee 00 530 60 590 610 650 
TB ivcecscisee 550 580 610 640 670 
| errr 570 600 630 660 700 
) ee 560 590 620 650 690 720 
TE scerackse 610 640 670 710 740 
7 atneacwe 600 630 660 700 730 770 
a acuvewas 610 650 680 720 750 790 
SP csvadwes 630 660 700 700 770 810 
Se waceneee 640 680 720 750 790 830 
es 680 710 750 790 830 870 
Bh, scones 710 750 790 830 870 910 
Mn. c-daromaae 740 780 820 860 900 950 
Oe awideamaee 760 810 850 890 940 980 
SO xasacees 790 830 880 920 970 1020 


*Discharges shown to nearest 10 gals. per min. 
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DISCHARGE OF NOZZLE {GQ} GALLONS PER MINUTE 





0 
, PRESSURE HEAD-(P)-POUNDS PER SQ.INCH 
(AS INDICATED BY PRESSURE GAGE ON PITOT OR ON CLOSED NOZZLE) 


HYDRANT DISCHARGE 
(Q=274°¥p ) 


Water 
Service Co.; this Chart Having Been Prepared by the Author 
While Connected with the Company) 


Hydrant Discharge Diagram. (Courtesy, Community 


diagram. This covers the usual variation of the nozzles. It is 
to be noted that the horizontal distances on the diagram are not 
directly proportional to the pressures but to the square roots of 
the pressures. This results in uneven spacing of the figures, but 
by so constructing the diagram the lines representing the nozzle 
diameters may be drawn straight, whereas otherwise they would 
be curved. The uneven spacing of the pressure lines makes 
accurate interpolation difficult, and therefore enough lines are 
drawn on the diagram to make this unnecessary. Having made 
a discharge measurement this diagram is used as follows: Pick 
the vertical line representing the Pitot pressure reading, follow 
it up or down to where it crosses the line representing the actual 
measured internal diameter of the nozzle, estimating where that 
line would be if the correct one is not on the diagram. Then 
follow the horizontal lines to right or left and read the discharge 
on the vertical scale. 


A Few Comments 


A careful study of the formula and the tables and diagrams 
leads to a number of important observations on the carrying on 
of this work. When the Pitot pressure reading is low, a slight 
difference in the reading will result in a very large percentage 
difference in the result, whereas at higher pressures a half pound 
or even a pound does not make much difference. For instance 
the difference between 1 and 2 pounds per square inch makes 
about 40 per cent difference in the discharge while the difference 
between 10 and 11 pounds per square inch makes only about 5 
per cent difference. This fact is the reason for making the pres- 
sure differences in the table and diagram smaller in the lower 
range. It also indicates the necessity for making very careful 
Pitot pressure determinations in the field, particularly at low 
pressures. Gages should be closely graduated as before men- 
tioned and should have at least three inch dials. On particular 
work they should be calibrated with a dead weight tester before 
and after using and corrections applied to the readings if neces- 
sary. Gages should be handled gently and with care so as to 
maintain their accuracy. Since they will probably not read as 
high as the static pressure in the mains, care should be taken 
when taking pressures on a closed nozzle not to subject them to 
too much pressure. Other gages must, of course, be provided 
for taking the direct main pressures. 

Emphasis must be placed on the necessity for keeping the con- 
nections between the Pitot blade and the pressure gage abso- 
lutely tight. A very slight legk, in fact only a drip which in the 
general splashing may not be noticed, is sufficient to make the 
reading considerably in error. The connections should be made 
up tightly with wrenches and should not be loosened in order to 
turn the gage into a more convenient position. 

It will be noted that a 1/16-inch difference in the diameter of 
the nozzle makes a much greater percentage difference at high 


discharges than at low ones. This is the opposite from the effect 
of the pressures. In spite of this it will usually result in greater 
accuracy to use as few and as small nozzles as possible in a 
measurement. The use of steamer nozzles is advised only on 
work where approximate results would be satisfactory. Further 
experiments may show that a slightly different coefficient should 
be used in computing the discharge of the larger sizes of nozzles. 


Fire Flow Tests 


The making of fire flow tests is the most obvious use to which 
hydrant flow measurements may be put. Such tests consist in 
the determination of what amount of water is available at a 
given hydrant, or at a given group of hydrants, for use by the 
fire department. This test is the one usually made by the en- 
gineers of the National Board of Fire Underwriters in rating a 
system for fire protection. So much has been written on such 
tests that they need be only mentioned here. Simultaneous read- 
ings are taken on as many hydrants in a group as are needed in 
order to develop the capacity of the system. At the same time 
a record is kept at an adjacent hydrant (not discharging), of 
the residual pressure. From a set of such readings the discharge 
capacity of the system at that point with any residual pressure 
may be known. 


The residual pressure mentioned above is the pressure remain- 
ing in the mains during the time that a flow test is taking place. 
This pressure is determined by the readings of a pressure gage 
attached to a hydrant which is not discharging but which is 
located close by and, if possible, on the side opposite to the direc- 
tion from which the flow is coming. The actual capacity of the 
distribution system at a given point is usually considered to be 
the discharge with the residual pressure drawn down to some 
stated figure. By this method the results of flow tests at differ- 
ent points and on different systems are made comparable. When 
fire engine pumpers are to be used then the maximum capacity 
of the system may be considered as the discharge with the re- 
sidual pressure drawn down to 20 Ibs. per sq. in. If reliance is 
placed on direct hydrant pressure for the hose streams then the 
residual pressure can not be drawn down nearly so low and the 
maximum capacity of the system at such higher residual pres- 
sures will be less. Sometimes the capacity of a system is re- 
ferred to as the discharge with a drop in pressure of 20 Ibs. per 
sq. in., in other words, with a residual pressure 20 Ibs. per sq. in. 
less than the original pressure before the hydrants were opened. 
This will usually be a very different figure from the capacity at 
20 Ibs. per sq. in. minimum residual pressure. 

It is usually difficult or impossible to make a flow measure- 
ment at exactly the rate of discharge which will result in the 
residual pressure desired. It is customary, therefore, to make 
the measurement at some rate of discharge as near as convenient 
to that producing the effect desired and then to compute what 
the discharge would have been at the residual pressure desired. 
This may be done by applying the fact that the discharge is 
approximately proportional to the square root of the drop in 
pressure. 

If, for example, the original pressure in the mains before open- 
ing the hydrants had been 56 lbs. per sq. in., and the residual 
pressure during a flow of 2680 gallons per minute had been 32 
Ibs. per sq. in., then the drop in pressure during that flow was 
24 Ibs. per sq. in. Suppose now that it were desired to know in 
this example what the discharge would have been with a residual 
pressure of 20 Ibs. per sq. in. The drop in pressure in that case 
would have been 36 Ibs. per sq. in. It is then merely necessary 
to multiply the measured discharge (2680 gal. per min.) by the 
square root of 36 (which is 6.0) and divide by the square root 
of 24 (which is 4.9). 

2680 x 6.0 

————— = 3280 gal. per min. which would have been the 


discharge at 20 lbs. per sq. in. residual pressure. 

If Q:, is the measured discharge with a drop in pressure .of 
D,; and, Q: is the discharge which would have taken place with 
a drop in pressure of Dz then the above method may be stated in 
a general formula as follows: 

VD: 


Q:=Q; X 


1 

This method, as stated before, is only approximate and it 
should not be considered very reliable if the drop in pressure at 
the measured discharge is very greatly different from the drop 
in pressure desired. The method is, however, entirely satisfac- 
tory for most practical purposes. 

Fire flow tests may indicate not only whether the system has 
the desired capacity or not, but they may be amplified to give 
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information as to what work should be done to increase the 
capacity. For example, by taking a record of the pressures in 
the system during the flow test at various points progressing 
back toward the source of supply, it may be conclusively shown 
whether a restriction is in the principal supply mains or whether 
it is in the local mains adjacent to the test. By cutting out 
certain mains during the test still further information may be 
gained as to the actual conditions existing; closed valves or 
other obstructions, defective hydrants, or large leaks may be 
discovered and located. This work opens up a great field for the 
display of ingenuity on the part of the operator since the exact 
procedure is subject to unlimited variation and depends upon the 
arrangement of the particular system under test. 

For further details and information regarding fire flow tests 
the reader is referred to a paper published in the Journal of the 
American Water Works Association, Volume 12, No. 2, October, 
1924, by Mr. George W. Booth. 


Other Uses for Hydrant Flow Measurements 


There are many other varieties of tests, measurements and ex- 
periments which may be performed on a distribution system 
through the use of hydrant discharge measurements. They may 
be used in making determinations of the friction coefficient in 
certain mains of the system. By isolating a stretch of pipe so 
that the feed into it is from one end only, a flow through it may 
be created which can be measured at its discharge from a 
hydrant or hydrants at the end of the section under test. If 
pressures are taken simultaneously during the flow at interme- 
diate hydrants or other connections of known elevation along 
the main, then, from the data so obtained, the loss of head and 
the friction coefficients of each section may be computed. Ob- 
structions or closed valves may also be located through the un- 
equal drops in pressure in different sections along the line when 
such difficulties exist. 


—— 


Such tests are of value in determining the necessity for 
advisability of cleaning a main and likewise, in determinin Pe 
effectiveness of the cleaning after it has been performed. Ith . 
are made periodically after cleaning, valuable data will be 7 
tained as to the speed and degree of the return of roughness ; 
the pipe, thereby indicating the true value of the Cleaning oa 
the advisability of recleaning or of cleaning other mains, Als 
the efficacy of corrosion control procedures will be disclosed aa 
the results of changes evaluated. 

In those cases where a company’s records are inaccurate loss 
of head tests may be quickly made to provide an accurate indica- 
tion of the size of any main which is in doubt. 

When flushing out sediment or other deposits from the pipes 
of a system it is of great value to make a rough check of the 
discharge of the hydrants or blow-offs in use in order to be cer- 
tain that a sufficient velocity has been created in the main or 
mains supplying that point to properly clean them out. From 
4 to 6 feet per second is usually considered the minimum that 
will effectively flush out a main, so that the material remaining 
= cause no further difficulty by being stirred up by normal 

ows. 

It is difficult to foresee all of the benefits which may come of 
making tests such as these on a distribution system. One of the 
greatest benefits is that, no matter what their nature, they will 
ordinarily result in an unusually thoughtful and detailed considq- 
eration of the system on the part of the men who are operating 
it. The effort to interpret and account for results, and the re- 
sulting further tests, will frequently uncover unsuspected condi- 
tions quite different from those which originally suggested the 
tests. 

Acknowledgment—At the request of WATER Works AND Sew- 
ERAGE, the author has revised and added to an article published 
by him (Journal of the A. W. W. A. for July, 1930), on the 
same subject. We believe the practical value of this contribu- 
tion justifies its re-publication—Editor. 








Fire Flows Required for Towns of Various Sizes, 
by National Board of Underwriters 


Required Fire Flow, 
Gallons per Minute 


Population for Average City 


iis evn tae PrcaekannsanseeesndsOiecrtasene® 1,000 
BS nae vids Sine bemiarke sD ophereen ns atiaako ans 1,500 
Cra cacddcsydnreeentcnseanas spencers eaceex 2,000 
sii cc ecw g enka cennnds tape nenberieee’ 2,500 
ithe 8 ds eae Aes HORRRATER CARRS wORTeteeE es 3,000 
SE fae RRS Tene DEERE AROSe ORE Ch ReORS 3,500 
Se cbt be cn eken eet Keagpeneeenhonneeneree 4,000 
PE ithecccantiseeneehardens ne ckeastereekeeen 4,500 
0564 1006S 0d card nee cE a Rey eee erReR eeRREOS 5,000 
BD 4 ae kk hah epde er eewd ed ekenesmieeere terns 6,000 
cake okhe Reh Ronee Deane eee R tne wwnine eRe Ki 7,000 
IN bs ddd g eh snecnerenshwadsdonaeeetenasee eran 8,000 
Ns 5.55.6 642 Se hhene chee eeeaKeeweresneeetaneses 9,000 
OT eT ee re eT ee erry 10,000 
Po cnecaccansetesesacicetweenneseenveweaess 11,000 
Si pain cin ced decease eRe oasnedesdonserecdneres 12,000 


Over 200,000 population, 12,000 gallons a minute, with 2,000 to 
8,000 gallons additional for a second fire. 


In residential districts the required fire flow depends upon the 
character and congestion of the buildings. Sections where build- 
ings are small and of low height and with about one-third the 
lots in a block built upon, require not less than 500 gallons a 
minute; with larger or higher buildings up to 1,000 gallons is re- 
quired, and where the district is closely built, or buildings ap- 
proach the dimension of hotels or high value residences, 1,500 to 
3,000 gallons is required, with up to 6,000 gallons in densely built 
sections of 3-story buildings. 





Commercial Pipe Sizes for Fire Streams* 



























































- Ordinary Fire Streams 
y 
& 
on] 40 Pounds | 50 Pounds | 60 Pounds | 70 Pounds | 80 Pounds | 90 Pounds 
x S| Pressure Pressure Pressure Pressure Pressure Pressure 
=6 
SZ [+] . e . vo . [-7) . [-F) . .*) . 
Se ig é&.1g.l&.13.1%&.1o21&.lacl& 
B8/a5/%e/a2|&e)ee|*2/ a3 £2) ag|%a| oa |e 
= | 2S =| 3s =| selue |] selvue |] 35S] oe | 5S 
5° | By | O2 | By | OF | Fe] O2 | Fa | O2 | Fe | 02 | Fe | 08 
t 3 3. 3° 52 ‘ 
om | BR| om | BR) oa | 32] ce | 88) oe | BA) ea | 28 
gig ld le |2 |e |J2 |e | |e le |e 
1 a 20 6 23 6 25 6 27 6 29 6 30 
2 6 40 8 45 8 50 8 53 8 5 8 61 
3 8 61 8 68 0 74 10 60 10 86 10 91 
4 10 81 10 90 10 99 10 107 12 114 12 | 121 
5 10 101 12 113 12 124 12 134 12 143 12 | 152 
6 12 121 12 135 12 149 14 160 14 2 14 | 182 
7 12 141 14 | 158 14 | 174 14 | 187 14 | 200 16 | 212 
8 12 162 14 181 14 199 16 | 214 16 | 229 16 | 242 
9 14 | 182 14 | 203 16 | 223 16 | 241 16 | 257 18 | 273 
10 14 | 202 16 | 226 16 | 243 16 | 267 18 | 286 18 | 303 
11 16 | 222 16 | 248 18 | 273 18 294 18 | 314 18 | 333 
12 16 | 243 18 | 271 18 298 18 321 20 | 343 20 | 364 
13 16 | 263 18 | 293 18 | 323 20 | 348 20 | 372 20 | 394 
14 18 | 283 18 | 316 20 | 348 20 | 374 20 | 4 20 | 424 
18 18 | 303 20 | 339 20 | 372 20 | 401 20 | 429 24 | 455 
High-Pressure Fire Streams 
100 Pounds | 110 Pounds| 120 Pounds /| 130 Pounds | 140 Pounds| 150 Pounds 
Pressure Pressure Pressure Pressure Pressure Pressure 
i 6 32 6 33 6 35 6 36 6 38 39 
2 8 64 8 67 10 70 10 73 10 758 10 78 
3 10 96 10 | 100 10 | 105 10 | 109 12 | 113 12 | 117 
a 2 128 12 134 12 140 12 145 12 151 14 | 156 
$ * 1 14 | 167 14 174 14 | 181 14 188 14 | 195 
6 14 | 191 | 14 | 200] 14 | 209] 16 | 218 | 16 | 226] 16 | 234 
7 16 | 223 16 | 234] 16 | 244 16 | 254 16 | 264 18 | 273 
8 16 | 25S 16 | 267 18 | 279 18 | 290 18 | 301 18 | 313 
9 18 | 287 18 18 | 314 18 | 326 18 | 339 | 20 | 352 
10 18 | 319] 18 | 334] 20 | 349 | 20 | 363 20 | 377 | 20 | 391 
ii 20 | 351 20 | 367 | 20 | 384} 20 | 399] 20 | 414] 20 | 430 
1 20 | 383 | 20 1] 20 | 419 | 20 | 435 | 24 | 452 | 24 | 469 
13 20 | 415 | 20 | 424 | 24 | 454] 24 | 472 24 24. | 508 
14 24 | 447 | 24 | 467 24 | 488 | 24 24 | $28 | 24 | $47 
is 24 | 479 | 24 | SO! 24 | $23 | 24 | 544] 24 | S6S | 24 | 586 












































To convert cubic feet to gallons, multiply by 7.4805. 

ting above table, the following assumptions were made: Nozzles, 
playing simultancously, and attached to 200 feet of best 

quality rubber-lined 5 measured at hose connections; velocity of 


; pressures 
water in nipe approximately 3 fect per second. 
*Reproduced by courtesy of N. S. Hill, Jr. 
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ECONOMY OF ELEVATED STORAGE* 
By DONALD H. MAXWELL** 


The operating records of the Glencoe, IIl., water works furnish 
a striking demonstration of economy procurable through the in- 
troduction of elevated storage. In this case the savings in pump- 
ing costs, resulting from use of an elevated tank, are sufficient 
to cover all annual costs incident to the project. 


The Glencoe pumping arrangements and filtration plant were 
designed to operate in connection with an elevated tank which 
was omitted in the original construction and the pumps operated 
against direct main pressures for about 4 years. In 1932, a 500,- 
000 gallon elevated tank was added and now records under the 
new conditions are available to show a saving of about 33 per 
cent in power consumption. 


The Glencoe filter plant has two motor driven low lift pumps 
each of two million gallons rated capacity and three motor driven 
high lift pumps, of one, two and four million gallons rated ca- 
pacity respectively. In addition there is gasoline engine driven 
standby equipment. The average daily pumpage is approximately 
one million gallons, the rates varying from a minimum of ap- 
proximately 420,000 g.p.d. to a maximum of 3,300,000 g.p.d. The 
maximum hourly rate of consumption is approximately 5,200,000 
gp.d. and the minimum hourly rate is about 300,000 g.p.d. 


Pumping Conditions With and Without 
Elevated Tank on the System 


Comparison of these consumption rates with the installed pump 
capacities makes it evident that the high lift pumping operating 
against direct main pressures, with pumps throttled a consid- 
erable part of the time, was necessarily inefficient. The low lift 
pumping was also inefficient, owing to the desirability of main- 
taining a full clearwell and thus a 500,000 gallons storage. ‘lo 
do this it was the practice to operate the filters more or less con- 
tinuously with the low lift pumps throttled. At times these 
pumps had to be operated at 15 per cent of rated capacity. 


With the elevated tank in service the high lift pumps now 
operate intermittently at about their rated capacity and best effi- 
ciency. With present practice, maintaining the clearwell storage 
at not less than 75 per cent full, is accomplished by running one 
or two low lift pumps which operate at about rated capacity dur- 
ing approximately the same periods as the high lift pumps are 
in service. 


Improved Pressures 


The pressures maintanied in the business district when pump- 
ing against main pressures varied over an extreme range of 40 
pounds per square inch. The variation was from approximately 
28 pounds minimum to 70 pounds maximum. Under present con- 
ditions, with the tank in service, a very uniform pressure is 
maintained, having an extreme range not to exceed 20 pounds. 
From 35 pounds minimum to 55 pounds maximum is recorded 
at the business center. The changed pressure conditions are 
clearly shown on the pressure charts, revealing recording gage 
pressures before and after providing elevated storage. 


Savings in Power Consumed 


As now operated the pumps run at capacity from 4 to 24 hours 
a day depending on the season, whereas formerly they ran con- 
tinuously during periods of light as well as heavy demands. 
Much of the time they were throttled thus producing a very 
considerable sacrifice in efficiency as becomes apparent by com- 
paring the power consumption with and without elevated storage, 
as shown in Table I. 


_ During 1931 (operating direct pressure) the power consump- 
tion averaged 1,835 k.w. hours per million gallons delivered to 
the mains. During the six months of operation with the elevated 
tank in service, the power consumption per million gallons 





*Excerpts from an article which appeared in Water Works and 
Sewerage. 

**Of Alvord, Burdick & Howson, Consulting Engineers, Chi- 
cago. 





500,000 Gallon Elevated Tank, Glen 








coe, Ill. 


TABLE I—PUMPAGE AND POWER DATA COMPARING 
OPERATION WITHOUT AND WITH ELEVATED TANK, 
GLENCOE, ILLINOIS WATER WORKS 


Pumpage, 
million 
Month gallons 
1931 (without tank) 
SORE oe ceccdsinsicusas 21.467 
|) es re 17.568 
PED) eineacenecacpeas 20.265 
MIE Bio \acerdsaespnathse-tenere Ree 22.877 
EE S.cdasonide swan ceoee 29.097 
MS Did view we deeane nen 37.153 
Mg, chic non ernie wep eit 55.516 
IIS ica areorsocnireaveualy 56.960 
BOPOCOMDOF 6. ccccccscs 34.030 
Ee nr eee 27.580 
PROVOMIIOT knccciniascs 23.116 
err 22.362 





Total or average ... 367,991 





19382 (only those months with new tank 


month 
WE ova caicasiekiceaaes 21.578 
WES Sauce Sean aca eee 45.083 
NE. 66a ieee ce 46.437 
SeptemiBer .ocsccscscce 38.920 
CN Srbscg Sei S0c00585 23.700 
PUOVRMRNOE oer scccccci 19.502 





Total or average ....195,220 





*Weighted average. 








Kw.hrs. Kw.hrs. Kw. 
per calendar per max, 
month m.g.d. demand 
47,600 2,220 87 
40,000 2,280 78 
45,600 2,250 81 
47,400 2,070 126 
55,200 1,900 174 
60,400 1,620 192 
80,800 1,450 249 
79,600 1,400 246 
62,000 1,820 174 
59,000 2,140 114 
50.000 2,160 102 
47,800 2,140 99 
675,400 1,835* 
in service throughout 
27,400 1,270 117 
55,200 1,225 186 
56,800 1,225 189 
47,200 1,210 168 
29,600 1,250 174 
25,000 1,280 120 
241,200 1,235* 


(Continued on page 206) 








CHICAGO BRIDGE 


Chicago. .... 2198 Old Colony Bldg. 
New York.3390-165 Broadway Bldg. 
Cleveland. ..2262 Rockefeller Bldg. 


Tulsa..... 


Dallas....1479 Libert 
Birmingham. . . . 1586 North Somat: 
SeERG aac, 1646 Hunt Bldg. 


Plants in CHICAGO, ILL.; BIRMINGHAM, ALA., and GREENVILLE PA 





PRODUCTS 
BINS, Storage 


HOPPERS, Steel 


eed 


SMOKE STACKS 


BREECHINGS, Steel ae eee STANDPIPES 
IPE, Riveted stee STEEL PLAT ¥ 

CRUISES, Stoel PIPE, Welded steel STRUCTION 
FILTER PLANTS PRESSURE TANKS, TANKS, Elevated 
FLUMES, Iron and Welded and An- Steel. 

Steel nealed TANKS, Storage 
GASHOLDERS, High RESERVOIRS, Steel TANKS, Surge 

and Low Pressure RECEIVERS, Air TANKS, Washwater 








FACILITIES 


We are equipped to design, fabricate and erect all types of steel plate 
work, riveted or welded. No work too special. When requesting esti- 
mating figures on tanks, state capacity, height to bottom for elevated tanks 
and describe location. ‘ 


INFORMATION 


We are glad to supply municipal officials and waterworks engineers with 
information or estimating figures. Write our nearest office. There is no 
obligation on your part. 


ELLIPSOIDAL-BOTTOM ELEVATED TANKS 


This type of tank is built in a complete range of standard sizes as shown 
in the accompanying table. The diameter of the tank is relatively large 4 
and the depth shallow, reducing the variation in pressure between the 
upper and lower water levels. The proportions of this design are also well 
balanced, presenting a pleasing appearance. (See illustration at upper left.) 


Ellipsoidal - bottom 
ike wt eueiebed ELLIPSOIDAL-BOTTOM TANK SIZES 





250,000-gal. Horton ellipsoidal-bottom tank at Brawley, Calif. 
The tower is specially designed and has double rods to with- 
stand earth shocks. 












































with large steel risers D 
riveted directly to the rh a oe 
bottom of the tank. wan kK «a D H B iN 
on cone ~ &- 40,000 20/0" 13’9° 5’0° 18’9" 
The size of the riser nf gen 2 Hh ye (| CS 
varies from three to ye 60,000] 24’0" 14’0" 0" 20/0" 
: } fi! 75.000] 26'0° 15’0" 66" 21'6 
six feet, the larger baa 100,000} 28°8° 16,0" 72 292" 
. . . NEN , fo 2 oh 
sizes being used in (x7 { 130,000 340" i6'6" 86" oe 
northern climates to EN r — 380;000| 400" by" 190" Soo 
] Zi Legh h 300,000}  41’0” 23’9° 10'3” 34’0° 
prevent freezing. jd ace oassl ae ae te 
State capacity, height Dd 500.000} $1°0° ae oo | a 
to bottom and _ loca- | 1 439.000] sx. | gro, | wor | S00" 
tion when requesting ne 2oneoon| 900" qer 20" | ate? 














prices. Height to bottom—any even foot. 


RADIAL-CONE BOTTOM TANKS 


The radial-cone bottom design was developed to permit the construction 
of large capacity tanks with a small range in head. Radial-cone tanks are 





125,000-gal. washwater tank at filtration plant, New Milford, 
N. J. It is of radial-cone bottom design. 





104-ft. dia. steel water reservoir serving McCloud Calif. The 
tank is located on a hill 190 ft. above the town. 


Here are two 5,000,000 g.p.d. Morse Filter Plant units at Burnt Mills, Md. 




















& IRON COMPANY 


2919 Main St. Boston .1548 Consolidated Gas Bldg. 


iqustes.------ i551 Lafayette Bldg. San Francisco... .1083 Rialto Bldg. 
Der aciphia. 1644-1700 Walnut St. Los Angeles...1455 Wm. Fox Bldg. 


In Canada: HORTON STEEL WORKS, Ltd., Ft. Erie, Ontario 





——— 


A we structural design. STANDARD RADIAL-CONE SIZES 

















resent a pleasing ap- 
pone Bos Construction details ars yp a a. 
such as tower bracing, hand 
railing, etc., may be varied to 500,000 61’ 25° 
secure the desired architec- saa 76” 8 = 
tural effect. The accompany- 1'500/000 106’ OB 
ing table indicates the propor- 2,000,000 122’ 55° 





tions for various capacities. — 


THE MORSE FILTER PLANT 


The Morse filter plant is a rapid sand type plant. It is built entirely of 
steel in convenient sized units. The filters, coagulating basins and reser- 
voirs are located in concentric circles, providing a compact arrangement. 
A 5 mg.d. unit covers a circle 100 ft. in diameter. The advantages are 
summarized as follows: 

1. All-steel construction offers the same advantages that have proved so 
desirable in large capacity water storage tanks. No seepage, no crack- 
ing, less maintenance expense. 

2. 30 to 40 per cent lower in first cost with all things being equal. Also 
requires less ground space per unit of capacity than any other type of 
construction. 

3. Modern. Definitely designed to push obsolescence as far into the future 
as possible. 

4. Flexible in both operation and application. Put in capacity needed at 
present; add more capacity easily and economically at any time in 
future. 

5. Lower operating costs. Very small loss of head through plant means 
less pumping cost. Cleaning and maintenance is easier and quicker. 


WASHWATER TANKS 


We build ellipsoidal, radial-cone or special shaped tanks to give exactly 
the capacity, head, and pressure variation required for washing filters. 
They are more dependable and economical than direct pressure washing. 


RESERVOIRS 


Where natural elevations are available, steel reservoirs provide gravity 
pressure. They are built in standard sizes or special designs to meet your 
requirements, of riveted or welded construction, with or without roofs. 


SEWERAGE GAS HOLDERS 


When gas from digesters at sewerage disposal plants is utilized, excess 
quantities produced during peak periods can be stored advantageously 
under pressure in a Hortonsphere for use during off-peak periods. Horton- 
spheres are relatively small in size and pleasing in appearance. We also 
build conventional water-lift gas holders. 





This 1,250,000 g.p.d. Morse Filter plant is located near Lorton, Virginia. 





Here is one of the three 2,000,000-gal. Horton radial-cone 
bottom tanks that have been placed in service recently in 
the Buffalo, N. Y., waterworks system. 





Hortonsphere used to store sewage gas at 40 Ibs. per sq. in. 
pressure at Beaver Dam, Wisconsin. 





50,000 cu. ft. welded steel holder for gas produced from 
activated sludge at sewage treatment plant, Durham, N. C. 
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Record Gage Pressures Before and After Elevated Storage Was in Service 


pumped has averaged only 1,235 k.w. hours, almost exactly two- 
thirds of the former power use and much more uniform as shown 
by the tabulation. 


The saving in cost of power due to improved operation, made 
possible by the tank, cannot be properly shown by direct com- 
parison of power bills for corresponding periods under the old 
and the new conditions because of the fact that a new power rate 
was introduced some time after the elevated tank went into 
service, and also because there has been a decrease in pumpage 
approximating ten per cent. 


The fairest estimate of saving in power cost is obtained by 
applying the new power rate to the recorded 1931 pumpage as it 
actually occurred for comparison against the same monthly 
pumpage if delivered under more efficient operation as now at- 
tained with elevated storage. The saving calculated in this man- 
ner, amounting to approximately $2,500 a year, is sufficient to 
cover interest on the investment, depreciation (on sinking fund 
basis) and maintenance of the tank. 


Thus, without added annual cost, the village has been able to 


avail itself of the many advantages of elevated storage which in- 
cludes doubling of reserve storage, better fire protection, unin- 


terrupted and more uniform water pressure, greater flexibility of 
filter and pumping operations and increased plant reliability. 


It is worth noting that the saving in cost of power would have 
been greater if Glencoe had happened to enjoy a uniform rate 
of power, such as applies in many plants. In reducing the power 
consumption by 33 per cent the plant is not able to earn pro- 
portionately as good a rate. The estimated net average power 
cost based on the new rate when applied as above explained to 
1931 pumpage without the tank nets 1.27c per kw.h., whereas 
with the tank it is increased to 1.36c per kw.h. 


Auxiliary Equipment 


The elevated tank is equipped with an altitude valve and a 
remote indicating water level gage is installed in the pumping 
station 2%4 miles away to make practicable the full use of the 
storage capacity available. 

The elevated tank was supplied by the Chicago Bridge & Iron 


Works. The Glencoe plant is in charge of E. L. Pflanz, Super- 
intendent, and George R. Young is Village Manager. 





Old Standpipe Rehabilitated by Guniting 
By V. VON GEMMINGEN 


Town Manager, Culpeper, Va. 


During the year 1895 the town authorities of Culpeper, Va., 
erected a standpipe of 300,000 gals. capacity. During its 38 
years of service it had gotten into such a weakened condition 
from corrosion that for a time it appeared as if it would have to 
be replaced by a new tank or reservoir and, thereafter, removed 
at an expense in addition to the expense incurred in providing 
new service storage. 


After giving some study to the matter of possible renovation 
of this old structure, by application of a jacket of cement mortar 
from a gun—“Guniting”—it was estimated that the project would 
cost $4,000 or thereabouts. There was a large difference between 
that figure and the estimated $18,000 or more which it would 
have cost to provide a new tank or reservoir. It was decided to 
proceed with the project of Guniting the standpipe and its base. 


First, the town laid a heavy false bottom in the standpipe con- 
sisting of a reinforced concrete slab. The contractor* came in 
and cleaned the {nside walls of the structure and welded the 


necessary reinforcing and holding wires to its sides. “Gunite” 
was then applied, starting with a thickness of 2.5 inches at the 
bottom and running out to 1.5 inches at the top. On top of this 
a second or “seal-coat” was applied and in three days water was 
turned back into the standpipe. 


The structure has shown no signs of leakage, whereas, prior 
to its renovation, there were approximately 50 active leaks in the 
side walls, and in one spot a hole about half the diameter of a 
lead pencil had been eaten through the iron plate. 


The standpipe rests on a rubble masonry base from which 
much of the cement mortar had disintegrated. This unsightly, 
and probably dangerous, foundation structure was also “Gunited” 
to produce a sightly and strong structure. 


The 39 year old standpipe, which a year ago was ready to be 
junked as worthless, is today as serviceable as when new and 
apparently good for another 30 years if not longer. We feel 
that we have made an excellent investment in having spent $4,000 
and thereby avoided an expenditure of at least $18,000—a net 
saving of $14,000. The “Guniting” job has been in every respect 
satisfactory and we are highly pleased with the results. 





*The work was done by the National Gunnite Co. 
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PITTSBURGH-DES MOINES STEEL COMPANY 


Tanks—Plate fabrication—Structural Steel 


SALES OFFICES AT 


3418 Neville Island, Pittsburgh, Pa. 
919 Tuttle Street, Des Moines, Iowa 
Room 918, 270 Broadway, New York 
1222 First National Bank Bldg., Chicago, Ill. 
1223 Praetorian Bldg., Dallas, Tex. 
625 Rialto Bldg., San Francisco, Calif. 


In these tables we have compiled—in compact but complete 
form—data on steel reservoirs and on the various types of 
elevated steel tanks. For information as to the application of 
these various types of tanks, for designs, for specifications. 
or for estimates—write our nearest office. 


Table I.—Pittsburgh-Des Moines Standard Hemispherical Bottom Elevated Tanks 








--Tank Dimensions— 



























































Garnet D Fla cia re HL Fe Height of Tower to, Bottom of Tank Cepacity _ 
Gailons ft. ft. im, ft. in. ft. in. ft. in, ft. in, ft. in. ft. ft.in. ft. in, ft. in. ft. im. ft. in. ft. in. ft, in. 
BU cstncvna’ _* wet es ne en a oe ear oa 
10,000..... . 18 sik Bw 10 0 20 0 30 G6 40 0 50 0 60 0 70 0 80 0 90 O 100 0 ... .. «2 se Cc 
15.000..... 13 1011 1611 10 0 20 0 30 0 40 0 50 0 60 0 70 0 80 0 90 0 100 0 ..... Vv 
20,000. . 13 1511 2111 10 0 20 0 30 0 40 0 50 0 60 0 70 0 80 0 90 0 100 0 ... «1 wee ee 
25,000. 15 147 1911 Sa ene @ & We 8 wc os GB GOD ces ce a ess, 66. ecu 66 bay v0 h 
30.000. 15 = S&S Se Sete tee £ Ww © 4... TS Me SG vce ds EE) give le. Gee ee. keuen ‘ 
40,00. . 17 - eo. aes «CES va te ce es ee ick cw ee ee be a a ae ee 
50,000. 19 i SS: -. - 55 O 68 4 75 0 88 4 91 8 100 O 111 8 120 0 128 4 140 O 148 4 
60.000 19 22 6 30 6 .. .- 55 0 68 4 75 0 838 4 91 8 100 O 111 8 120 0 128 4 140 0 148 4 ' 
JB.COD.... 22 cccees 21 22 6 30 6 -. . 55 O 68 4 75 0 83 4 91 8 100 O 111 8 120 0 128 4 140 0 143 4 
200.000... 0-2 cceee 24 22 6 31 0 -..-. 50 0 68 1 7 O 79 7 91 6 100 O 113 1 116 6 125 O 141 6 153 4 
OY Soe 28 24 2 34 7 46 6 5410 63 2 75 0 83 4 91 8 100 0 11110 120 2 128 6 140 3 148 7 H 
| ae 32 23 4 36 1 45 9 54 1 62 5 75 0 838 4 91 8 100 0 112 7 12011 129 3 14110 150 2 
oO Pe 32 31 4 45 4 45 4 53 8 62 0 75 0 8 4 91 8 100 O 113 0 121 4 129 8 142 8 151 0 
ast 36 28 4 42 5 45 4 53 8 62 0 75 0 838 4 91 8 100 0 113 0 121 4 129 8 142 9 151 1 
2a 40 30 0 46 6 4 6 5210 61 2 75 O 838 4 91 8 100 O 11310 122 2 130 6 138 10 152 8 
a = = 4 > : 43 6 5110 60 2 75 0 88 4 91 8 100 0 11410 123 2 1381 6 18910 154 7 
Smit 50 34 9 bo 5 } Tower heights have not been standardized for these capacities and can, therefore, be 4 
1,000,000............ 50 52 0 73 9 built to suit the requirements in each particular case. 
Table II.—Pittsburgh-Des Moines Standard Hemi-ellipsoidal Elevated Tanks 
Capacity -—Tank Dimensions—, 
in U.S. D Cc Vv = Height of Tower to Bottom of Tank Covecity, - 
Gallons ft. ft. in, ft. in. ft. in, ft. in, ft.in. ft. in. ft. in. ft.in. ft. in. ft. im. ft. in. ft. in, ft. in. ft, in, 
am Se 17 11 9 15 5 46 4 51 8 171 7 Oo oa ce GE SE Te DB nce. ve ee ee oe ee 
, ee 17 147 18 6 Sinem k we 8 ic ce MS Be] ccs ss ae ae” tee ae nae. Ce. whe 
vs. 40,000........ - Be Oe OF © xn ts ce, Oe ce Oe ee ac Benenden 
h IG 6 s:0ie-e:00 22 13 2 19 0 .. . 57 2 65 6 75 O 85 6 9310 100 0 11310 122 2 130 6 142 2 150 6 
60.000........ 24 1210 19 4 “s 56 6 6410 75 0 84 8 $3 2 109 O 113 2 121 6 12910 141 6 149 10 
..l 26 13 6 20 8 .. . 5510 64 2 75 0 8& 2 92 6 100 0 112 6 12010 129 2 14010 149 2 
109,000........ 28 1462 23 2 .. .. 51 6 64 7 75 O 81 1 93 0 100 O 114 7 118 O 126 6 143 0 154 10 
eee 34 1410 25 0 46 9 55 1 63 5 75 O 838 7 9111 100 O 112 1 120 5 128 9 140 6 148 10 
O..., 38 15 5 27 0 4611 55 3 68 7 75 0 84 6 92 0 100 0 113 9 122 1 130 5 143 O 151 4 
SS 40 18 1 30 0 47 5 55 9 64 1 75 O 85 5 93 9 100 O 115 1 123 5 131 9 140 1 153 1 
OS ee 40 2311 34 0 49 4 57 8 66 0 75 O 87 4 95 8 100 O 117 O 125 4 1383 8 142 0 155 1 
H ean 46 22 9 3411 4810 57 2 65 6 75 0 87 8 96 0 100 0 118 2 126 6 13410 143 2 i57 0 
Se 2:4 o0-600 50 23 9 37 0 49 8 58 0 66 4 75 0 81 2 89 6 100 O 112 8 121 0 129 4 146 0 152 5 
600,000........ 55 21 9 39 7 
c ee 60 22 4 42 4 
1,000,000........ 60 35 0 54 0 
3.090.000... 0 65 26 1 47 7 \ Tower heights ‘have not been standardized for these capacities and can, therefore, be 
1.250,000........ 79 17 4 43 4 f built to suit the requirements in each particular case. 
1,500.000........ 70 37 8 60 0 
1,500,000........ 79 24 0 50 0 
2,000,000........ 90%, 22 6 50 0 

































































Table III.—Double Ellipsoidal Tanks Table IV.—Railroad Type Tanks 
Capacity Tanks Capacity —tTank Dimensions—— 
in U. 8. D Vv H in U. 8. D Cc Vv H 
Gallons ft. ft. in. Gallons ft. ft. in. ft. 
ae 28 23 8 20,000..... 15 10 9 16 2 An 
c ee 34 26 9 25,000..... 15 14 7 19 11 height 
PRT 38 os FT eee 17 12 7 19 0 from 
a ccnacara aac 38 33 7 Built 40,000..... 19 13 #1 20 6 15’0” 
3 40 33 2 to 50.000..... 21 13 1 , ; ae | to 
i Seer 42 $1 7 Order 60,000..... 24 10 1 20 3 40'0” 
I 8 '0:0-0:000:50 44 36 6 (i. See 24 15 1 23 10 in 
ss eee 46 35 7 100,000..... 28 13 «5 23 7 multi- 
. . eee 50 39 2 150.000..... 28 24 2 34 «7 ples 
apy so) OES 54 40 0 200,030 ee 36 15 1 a9 2 of, 
a eegeonaee } Dimensions on request 300,000... 38 23 11 38 3 ‘ 
Table VI.—Steel Reservoirs 
one 
n U. 8. Diameter Roight 
Table V.—Toroidal Bottom Tanks Gallons t. . in, 
m5 00. ba 22 7 
Capacity Tank Binet DP we iz = 100” and 100.000...... 30 19 3 
in U. S. v=200"”  — V= 00” v=35'0" HH 125,°00...... 30 24 0 
Gallons ft. in. ie 4g y 1* ft. in. 150.000...... 36 20 1 
750.000...... 82 0 73 =2 66 8 61 8 175.000...... 36 23 4 
1,060.000...... 94 5 84 3 76 «9 71 ~=#=O 200,000...... 36 26 8 
1,250.000...... 105 4 94 0 85 8 79 2 300.000...... 42 29 4 
1,500,000...... 115 2 102 9 93 9 86 8 Built i. 42 39 1 
2,000,000...... 132 8 118 5 108 0 99 11 to a 48 37 5 
2,500,000...... 148 0 132 3 120 7 1ll 6 Order es ae<es 60 28 10 
3,090,000...... 162 0 144 8 131 11 122 1 760.000...... 72 25 0 
4,000.000...... 186 8 166 9 152 2 140 9 1,0C0,000...... 84 24 6 
5,000,000...... 208 6 186 3 169 11 157 3 1,500,000...... 96 28 1 
2,000 0(0...... 120 24 0 
2.500,0C0...... 132 24 10 
Pempamereeess 144 25 0 
,000,000...... 168 24 6 
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PIPE LINE FRICTION COEFFICIENTS 
A Summary of the Findings of the Committee on Pipe Line Friction Coefficients* 


The voluminous report embracing data collected and compiled 
by the above committee has been printed in the September, 1935, 
Journal of the New England Water Works Association, and is 
available in the form of reprints. 


A summary of the scope of this report and the conclusions 
presented therein are reviewed in the following abstract, pre- 
pared by E. T. Killam, chairman of the Committee. 

The general conclusions drawn from the data submitted to 
the Committee are as follows: 

1. The average actual loss in capacity of tar-coated cast-iron 
pipe after 30 years of service, based on a total of 473 tests in 
19 different systems, was 52 per cent. 


The loss predicted in the Williams-Hazen tables for mains of 
similar age and diameter (average 20.5 in.) and for “average 
soft unfiltered river water” is 32.3 per cent. 


2. Based upon the data available to the Committee, the Wil- 
liams-Hazen age-coefficient relation is applicable primarily to 
large-diameter mains carrying relatively inactive water. 

3. For small-diameter mains carrying active water, the actual 
loss after 30 years may be twice the Williams-Hazen predicted 
loss. 


4. Other factors being equal the data show marked correla- 
tion between pli value of water carried and rate of capacity 
loss, average conditions reported indicating for supplies with 
a pH value of 6.5, twice the loss observed in supplies with a 
pH value of 8.0. 


Scope of Report 


The principal objective of the report was the presentation of 
heretofore unpublished data upon friction coefficients of tar- 
coated cast iron pipe, with particular reference to the age- 
coefficient relation for this type of pipe, and the effect of water 
quality upon rate of capacity loss. 


The report also contains sections dealing with various 
remedial measures for reducing and preventing loss of capacity, 
including discussions of coefficients of cement and bitumastic- 
enamel linings; methods of lining pipe in place; corrective 
treatment of the water carried, and pipe cleaning. 


Certain other subjects not involved in the question of dis- 
charge coefficients of tar-coated cast-iron pipe, but falling within 
the general scope of the subject of “Pipe Line Friction Coeffi- 
cients,” have been presented in the form of appendices, in order 
that this additional information might be made readily available 
in a single report. 


Precision 


The Committee has endeavored to compile mass data of rea- 
sonable precision; obviously, the widely varying conditions 
found, and the many factors involved, could not be generalized 
upon any other basis. Accordingly, while the collection of data 
was in no way restricted to sources affording “laboratory” pre- 
cision, the material presented includes only such data as have 
been considered to fall within the limits of reasonable precision 
set by the Committee. 

This policy of precision applies particularly to the presenta- 
tion of various “trend curves,” which is the designation adopted 
for expressing the age-coefficient relation. These “trend curves” 
in which values of C have been plotted against the age of the 
pipe in years, have been presented only in cases for which 
numerous tests of reasonable accuracy were available. 

In considering these trend curves it should be emphasized 
that the results represent actual field tests and accordingly 
include all incidental losses due to irregular line or grade, and 
due to fittings or special castings. 


Use of Williams-Hazen Coefficient "C" 


The Williams-Hazen formula has been used throughout the 
report for the determination of coefficient values, and all 





*Presented befare the New England Water Works Association 
September 17, 1935. 


values of C refer to the Williams-Hazen coefficient in the fol- 
lowing formula: 


v¥=C ** &** Goi" 
v = Velocity in feet per second 
r = Hydraulic Radius in feet 
s = Hydraulic slope in feet per foot 
C = The Williams-Hazen Coefficient 


In translating values of C to equivalent capacity loss, it js 
convenient to bear in mind that capacity is directly proportion- 
ate to the value of C. With slope and diameter fixed, a drop 
in the value of C from 130 to 65 consequently involves an 
equivalent capacity loss of 50 per cent. 


Coefficients of Tar-Coated C. I. Pipe 


Tar-coated cast iron pipe has been more widely used in water 
works practice than any other type of pipe, and a discussion 
of coefficient values with this type of pipe was accordingly 
selected for the first and principal subject of the report. 


In considering the existing condition of old pipe, and at- 
tempting to determine the loss of capacity with age, selection 
of a value of C for new pipe becomes a fundamentally impor- 
tant assumption. The values of C for new tar-coated cast iron 
pipe adopted in the report are as follows: 
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AGE OF PIPE IN YEARS 


Fic. 1.— Summary or EstimaTep AND AcTUAL TRENDS OF 
Age-CorFFIcIENT RELATION FoR TaR-CoaTep Cast-Iron Pipe. 

Curves 1 and 2 are based on data for steel pipe (U. S. Dept. of 
Agriculture, Bull. 150, 1930). 

Curve 3 is based on the Williams-Hazen Tables for average soft 
unfiltered river water. 

Curve 4 is a composite for supply and transmission lines 16 in. 
or larger in diameter. 

Curve 6 is a composite for distribution mains less than 16 in. in 
diameter. 

Curve 5 is a composite of Curves 4 and 6. Composite curves are 
based on arithmetic averages. 


Actual vs, Estimated Losses in Main Capacities with Age In- 
crease Summary Curves Taken from the Report of the Com- 
mittee of N. E. W. W. A. on Pipe Line Coefficients 
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For supply and transmission mains 16 inch and larger 
in diameter -+++se ee cereeeeeee este eee esse ene eeeees C= 135 
For distribution mains less than 16 inch in diameter, 
with allowance for Ts, valves, bends, corporation ’ 
cocks, or other specials involving friction loss...... C = 125 


Variations possibly approaching 10 per cent higher or lower 
may be found, but the foregoing represent the average values 
from data available to the Committee. 

The most widely used basis for estimating the probable loss 
of capacity of tar-coated cast iron pipe with age, (other than 
the convenient, though inadequate, assumption that C = 100) is 
the age-coefficient relation shown in the column headings of the 
Williams-Hazen tables. : ; 

These Williams-Hazen predicted age coefficient relations—or 
trends of C—accordingly form a convenient basis for compari- 
son with actual trends computed from the data submitted to the 
Committee. 

The data compiled on actual trends of the age-coefficient 
relation for tar-coated C. I. pipe includes a total of 473 tests 
in 19 different cities. These data, results of which have not 
heretofore been published, have been classified and are pre- 
sented in the form of trend curves. 

These trend curves, as in the assumption of values for new 
pipe, have been segregated into two major classifications, namely, 
for supply and transmission mains 16-inch and over in diameter, 
and for distribution mains less than 16-inch in diameter. 

Further classification has been made by grouping trend curves 
of similar type or source of supply; or according to general 
location or type of supply. 


Summary of Data on Actual Capacity Loss 
in Tar-Coated C. I. Pipe 


The data on actual loss of capacity in tar-coated C. I. mains 
may be briefly summarized, as follows: 

Supply lines in nine cities showed a loss after 30 years of 37 
per cent as compared with a predicted Williams-Hazen loss of 
308 per cent. 

Distribution mains in ten cities showed an actual loss in 30 
years of 64 per cent as compared with a Williams-Hazen pre- 
dicted loss of only 37 per cent. 

Average results of 473 tests in 19 individual systems, includ- 
ing sizes ranging generally from 6-inch to 48-inch in diameter, 
with a weighted average size (according to numbers of tests of 
each size) of 20.5 inches, showed an actual loss in 30 years of 
51.5 per cent, as compared with a predicted loss of 32.3 per 
cent for pipe of the same diameter. 

These data accordingly indicate that the Williams-Hazen 
predicted trends are applicable primarily to large diameter 
mains carrying relatively inactive water—and do not represent 
“average conditions.” 


Quality of Supply and Its Effect on Capacity Loss 


The wide variation in rate of capacity loss in different sys- 
tems and the appreciable extent to which this loss progresses 
in a relatively short time in many systems, directs attention to 
probable causes of such loss. In collecting data, the Committee 
has accordingly attempted to consider the quality of supply and 
its effect upon rate of capacity loss. 

Alkalinity and carbon dioxide have an important effect on 
rate of capacity loss. Because of the inter-relation between 
alkalinity, carbon dioxide, and pH, this effect may be measured 
against the pH value alone. 

The relation of pH to rate of capacity loss has been illus- 
trated in the report by a diagram on which the per cent of 
capacity loss in a fixed period, (30 years) in various supplies, 
has been plotted directly against the pH of the supply. 

The pronounced relation indicated by the data, showing the 
marked effect of pH on the relative rate of loss, may be sum- 


marized as follows: 
Approximate Average 
Per Cent Capacity Loss 


pH Value in Tar-Coated C. I. Pipe 


of Supply (In 30 Years) 
| SSS eR rat en ee Oe ee eer fo 
DRE eae cakes acd +i etet ewe he mean eee aaa 
7 __ SRR en ene en ee erwr rey per ee re 45 
Geeks coe DSAN be Rates aoe Maa e RS te Sepa ae 60 
DUES adie a sin.w aw ae RGlee sak pa.ewr kek ee pe hee 85 


Capacity Loss in Tar-Coated C. |. Pipe 
Due to Special Causes Other Than Tuberculation 


Although tuberculation is most frequently the cause of loss 
of capacity in tar-coated cast iron mains, certain cases included 
in the Committee data afford examples of capacity loss due to 


other special causes. In some instances the resulting trends of 
capacity loss are quite similar to cases where loss was caused 
by tuberculation. Among special causes of capacity loss are: 
incrustation, due to the precipitation on the pipe either of 
natural mineral content in the water, or of lime after water 
treatment; slime or fungus growth; and silting. 


Coefficient Values of Cement-Lined Pipe 


In addition to the main section of the report dealing with 
friction coefficients of tar-coated cast iron pipe, a number of 
related subjects involved in the general question of friction 
coefficients, are discussed. 

Accordingly a second section of the report is devoted to 
coefficient values of cement-lined pipe. 

The development of the centrifugal method of applying 
cement lining has inevitably resulted in the increased use of 
this type of lining as a method of preventing capacity loss. 
Available data upon the values of C for cement-lined pipe 
are limited in scope and widely scattered in the literature. Ac- 
cordingly, all available data have been compiled and presented 
in order that they may be made more readily available. 

The Committee data indicates that the average value of C 
for new pipe, 4-inch to 24-inch in diameter with cement lining 
centrifugally applied, is 134, based on nominal diameter; and 
150 based on actual net diameter. 

These data also indicate that at least for mains 24-inch or 
less in diameter, the effect of lining thickness on diameter 
encroachment is sufficient to warrant considering values of C 
based both on nominal and on actual net diameter. 

Other tests on pipe with cement linings not applied by cen- 
trifugal methods showed the following values: For pipe with 
natural or Rosendale cement lining tested both when new and 
at the end of approximately a 10-year period, C = 136; for 
old style cement lined wrought-iron pipe 12-inch and 14-inch 
diameter, after 41 years of service, C = 104. 

Available data relative to the value of cement lining in main- 
taining hydraulic capacity are extremely limited in scope. One 
line tested when new and again after six years of service 
showed no loss of capacity. Another line tested when new 
and after 1, 7, and 10 years of service, also showed no ten- 
dency to decrease in carrying capacity with age. The data 
indicate that cement lining can be credited with a sustained 
capacity not attainable with tar-coating. 


Coefficient Values of Pipe with Bitumastic 
Enamel Lining Centrifugally Applied 


A third section of the report is devoted to a discussion of 
coefficient values with Bitumastic enamel lining applied by the 
centrifugal method. As in the case of cement lining, develop- 
ment of centrifugal methods of application have resulted in a 
greatly increased use of this type of lining to control capacity 
loss. Due to limited data available, results of all of the tests 
which have been conducted, together with a discussion of test 
methods, have been presented in the report. Results available 
include tests on 10, 12, and 20-inch cast iron pipe; and on 30- 
inch steel pipe. 

The data indicate that coefficient values for new supply and 
transmission mains 16-inch in diameter and larger, with bitumas- 
tic enamel lining (centrifugally applied) may vary from C= 
145 to C= 160 with an average value of C = 155; all based on 
nominal diameter. 

These data also indicate that coefficient values for distribu- 
tion mains less than 16-inch in diameter, with this style of 
lining, may vary from C=140 to C=150 with an average 
value of C= 145. 

Bitumastic enamel lining is ordinarily applied with a thickness 
of only 3/32-inch. Encroachment on diameter is accordingly 
small, as compared with other types of lining. 

The first application of this type of lining was in 1931, and 
accordingly no data is available relative to its effectiveness in 
sustaining hydraulic capacity. The longest service period re- 
ported is two years, and the results of this test indicate no 
loss. The same material applied by the hand-brush method 
has been widely used for many years, and visual inspection of 
large pipe thus lined indicates that at least within periods of 
16 years no apparent deterioration has occurred. 


Application of Linings to Mains in Place 


While the foregoing methods of lining pipe provide methods 
of preventing or retarding capacity loss on new work, the 
question of restoration of capacity of many miles of mains 
already in place is of no less importance. The high cost of 
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abandonment and duplication of existing mains, particularly 
under permanent pavements has directed attention to possible 
methods of reconditioning or lining existing mains in place, 
subsequent to cleaning. 

Reference is made in one section of the report to available 
methods of lining mains in place. 

Two methods have been devised in England for lining small 
diameter mains; the “Eric” process by which a bitumen lining 
is deposited electrically; and the Tate process, by which a 
cement-mortar lining is deposited in the pipe. 

In this country, two methods have been developed for the 
reconditioning and lining of large diameter mains. On pipe 
lines sufficiently large to permit entry, the lines may be care- 
fully cleaned and then treated with an application of hot 
bitumastic lining. A second method, which has recently been 
developed, involves the centrifugal application of a cement 
lining to large diameter mains in place. The lining is whirled 
into place by centrifugal force from a high speed centrifugal 
jet. 


Corrective Treatment 


In addition to the use of protective linings, chemical treat- 
ment of the water for reduction of corrosion has been adopted 
in recent years to abate the problem of capacity loss, and men- 
tion is made in the report, of some of the more important 
phases of corrective treatment. 


Lime, sodium hydroxide and soda ash are among the alkalies 
used to reduce corrosion. 


If water is maintained saturated with respect to calcium car- 
bonate, it will be practically non-corrosive to iron. 


In maintaining adequate corrective treatment it is essential 
to maintain the treated water at or very near the saturation 
point, for super-saturation results in excessive deposits, and 
- iamaaaaaae causes the destruction of the needed protective 

m. 

In corrective treatment, consideration must be given to the 
fact that the pH value at which saturation equilibrium occurs, 
varies with the characteristics of the water treated. 

The calcium bi-carbonate, (alkalinity) of the water and its 
magnesium content are the most important factors. Saturation 
occurs at a pH of only 7.2 with an alkalinity of 190 ppm, 
whereas with water containing only 15 ppm. alkalinity, the pH 
must be raised to 9.3. 

Accordingly, in planning corrective treatment, particular atten- 
tion must be given to the characteristics of the water. The 
fact that a pH of 8.0 for example, is successful in controlling 
corrosion in one system, is no criterion as to the pH that must 
be maintained with another supply. 


Restoration of Capacity of Unlined Cast Iron 
Mains by Cleaning 


Cleaning of cast iron mains to restore capacity is an impor- 
tant consideration in the problem of capacity loss. 

Two important phases of this question are discussed in the 
report: First, the immediate increase in coefficient values and 
consequent increase in capacity obtainable by cleaning. Second, 
the rate of capacity loss subsequent to cleaning, or otherwise 
expressed, the maintenance of capacity after cleaning. 

Data available to the Committee indicate that cleaning will 
ordinarily restore mains to approximately 85 per cent of their 
original capacity. The average value of C in 24 tests was 39 
before cleaning, and 104 after cleaning. If it is assumed that 
the value of C for new pipe was 125, the percentage of original 
capacity was accordingly 31 per cent before, and 83 per cent 
after cleaning. 

The period through which the relatively high capacity ob- 
tained immediately after cleaning is sustained, is subject to 
wide variations in individual cases. Some instances, particu- 
larly with small mains, are recorded, wherein the results of 
cleaning do not last more than four or five months. In other 
instances the capacity is maintained at reasonably high values 
for substantial periods of time. 


Summary of Appendices 


All of the foregoing subjects deal directly with coefficents 
with tar-coated cast iron pipe, with the effect of age on co- 
efficient values, or with alternate methods of retarding or pre- 
venting capacity loss. 

Certain other subjects, while not directly concerned with 


cs 


these questions are, nevertheless, involved in the general ques 
tions of pipe-line friction coefficients. Among these related 
subjects are coefficient values of steel and of concrete pipe 


Coefficient Values of Steel Pipe 


A discussion of coefficent values for steel pipe, due to the 
wide difference in interior surface with various methods of 
pipe construction, necessitates a definition of the several classes 
of steel pipe. 

The classification of alternate types by Scobey in Bulletin 
150 of the U. S. Dept. of Agriculture, provides a convenient 
standard for summarizing the values of C for various types of 
steel pipe when new. - 

The ordinary average values of Williams-Hazen C for 
various classes of new steel pipe may be summarized as follows: 


COPPUBMIOE DIDS ocne cece scsccrcerersecar ss ecenceesseecsceseeses 60 
Spiral riveted flow against laps.............-.scccccsccsccvcves 100 
Spivnl SIVSTRS TOW WIR: TAPG onc occ sis cieciecs ccwcsveceveednerecs 110 
Re errr ere ee ee ee 115 
Girth riveted ....... Bis Ae AKU DN eee Wr eECO~ ND Nod eee Oke Senses eee 130 
COMEIMMOUE TREETICN PUGS «occ ccccccccccecerscecesioeessnscebin eas 139 


Coefficient Values of Concrete Pipe 


Available data on concrete pipe indicate an extremely wide 
range in values of C, with instances of values as low as C= 
85 and as high as C= 152. This wide range may be attributed 
not only to variation in surface texture or roughness of the 
pipe, but also to the relative uniformity of the pipe bore or, 
in other words, the presence or absence of undulations on the 
interior surface. 

With these wide variations, particular care must be exercised 
in selecting values of C for concrete pipe. 

Data available to the Committee indicate that the average 
value of C for the best grade, new, and large diameter precast 
reinforced concrete pipe, carefully manufactured, may be as- 
sumed to approximate C=150. On the other hand unless 
rigid metal forms, rich mix of concrete, careful curing and 
best workmanship throughout are employed, considerably lower 
values must be anticipated. 

Values of C for concrete pipe of different classes and differ- 
ent methods of manufacture are presented in the report, these 
values being taken largely from a comprehensive paper by Fred 
C. Scobey, on this subject. 

Tests on concrete pipe after substantial periods of service 
indicate that under normal conditions the initial capacity is 
relatively permanent. 


Summary 


The vast financial loss resulting from rapid capacity reduc- 
tion of pipe systems indicated by the data upon which the 
report is based, is a matter of major importance to the water 
works industry. It is believed of sufficient moment to warrant 
the determination, in each system, of the rate and cause of 
loss; as a basis for the adoption of the best preventive measures 
whether they are provision of permanent linings or corrective 
treatment of the supply. 

Upon the basis of the average data on tar-coated cast iron 
pipe, it is found that in 19 cities the average value of C after 
30 years’ service was 64, as compared with a value of 88 pre- 
dicted in the Witliams-Hazen tables. Otherwise expressed the 
value of C dropped to 88 after only 11 years of service instead 
of after a predicted period of 30 years. - 

Furthermore, these average figures involve relatively large 
mains (20.5 inches average diameter). In 8 out of 10 systems 
the value of C for distribution mains after 30 years’ service 
was less than 50—involving a consequent loss of capacity of 
from 61.6 to 84 per cent, as compared with a predicted loss of 
37.5 per cent. 

The trend curves presented in the report, illustrate a wide 
range of loss of capacity in various systems, and the very con- 
siderable magnitude to which such loss develops within a com- 
paratively short period in relation to the structural life of the 
pipe. It is hoped that these curves will serve to interest mem- 
bers of this and other associations in conducting and recording 
tests, in order that more selective numerical data may be ulti- 
mately made available to the profession. 

Elson T. Killam. Chairman; Frank A. Barbour, W. W. Brush, 

Laurence C. Hough, Charles W. Sherman. 
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EXPERIENCES IN WATER MAIN CLEANING 


By CHARLES STREITHOF 
Genl. Supt., Dept. of Water Works, Evansville, Ind. 


Before the Indiana Section of the American Water Works As- 


I had the pleasure of presenting a paper entitled, “In- 


iation, 
= (See WaTER WorKS AND 


serting Gate Valves Under Pressure.” 
SEWERAGE—June, 1934.) : 

After the valve inserting job was completed, having seen the 
condition of our important mains, I felt justified in asking for 
an appropriation, to start cleaning some of the mains. I was able 
to convince our Board of Water Works Trustees of the necessity 
for, and the importance of, this work. It was decided to at least 
clean some of the larger and older mains; and, a contract was 
made with the National Water Main Cleaning Company of New 
York City, to do the cleaning. 

The cleaning was started on six thousand (6,000) feet of 16- 
inch pipe and was continued until the contract was completed. 
Under the contract a total of 37,956 feet of 12, 16 and 20-inch 
mains were cleaned, and practically restored to their original 
carrying capacities. The results obtained were so gratifying and 
satisfactory that the Water Works Trustees were thoroughly 
convinced of the advisability of continuing this excellent work. 
A second contract was made with the same company to clean 
all mains of 10 to 30-inch diameters which had been laid prior 
to filtration. The total length of mains cleaned under the second 
contract was approximately 87,500 feet, and the results obtained 
were as good as, if not better than, those of the first contract. 
The Board of Trustees then decided that it would be wise to 
clean all pipes laid prior to filtration, and a third contract was 
made with the same company, to cover approximately 450,000 ft., 
which included principally 6 and 8-inch pipe. 


Cleaning Procedure 


The preparations and cleaning operations are simple, yet most 
effective. The section of line to be cleaned is “killed” by closing 
two valves, one nearest the inlet, for the entrance of the cleaning 
apparatus, and the other nearest the outlet. At the inlet end, the 
pipe is exposed and a piece of the main, about 6 ft. long, is re- 
moved and cleaned by hand. The cleaning device (sometimes 
called the “rabbit”) is placed in it, and the section is then re- 
turned permanently to the line by employing a sleeve or coupling 
and using the bell end of the existing pipe. At the outlet the 
line is also exposed, where a smaller piece is removed, depending 
on the diameter, so as to permit a 45-degree bend of the same 
size to be attached to the end of the line to be cleaned. This 
joint is made with yarn only. And to the 45-degree bend is 
added a short piece of pipe, jointed with yarn also, to bring the 
line up to, and a little above, the level of the street. Then the 
valves controlling the lines leading off from the one to be 
cleaned are closed. Likewise all curbcocks are closed. It is now 
time to start the cleaning apparatus on its journey. The valve 
nearest the inlet is opened. The water entering the dead line 
hits the cleaning machine and as the pressure and volume in- 
crease, the machine starts to move, and if there is no obstruction 
in the line, such as a partly closed valve or large pieces of lead 








Ma ae 


An Increasing Interest Is Shown in Cleaning Water Mains. This 
Job Was at Evansville, Ind. 





Ample Evidence That Evansville’s Mains Needed Cleaning 


from a poorly poured joint, the machine will travel the entire 
length of the line to be cleaned and come out on to the pavement 
at the 45-degree outlet. The rate of travel is never alike in any 
two pipe lines of the same size and length. In cleaning 8,257 
ft. of 30 in. pipe the cleaning machine traveled at a speed of 
60 ft. per minute and discharged 47 truck loads of mud, not 
counting that which went into the sewers. 

While the machine is moving, enough water passes it to serve 
as wash water, which helps to reduce the pressure of the ma- 
terial ahead of the machine, and long before the appearance of 
the machine, some of the obstructing material will be seen on 
the pavement. Almost from the moment that machine starts to 
move from the inlet end, until it is out of the main, the wash 
water which precedes it is very dirty. Immediately following 
the appearance of the machine at the outlet the water practically 
clears up, but it is advisable to permit the water to run a short 
time to thoroughly flush the line. When the machine has done 
its job, and the line has been flushed, it is a simple task to re- 
move the makeup at the outlet, replace the piece of pipe there, 
open the valves which had “killed” the line and then those con- 
trolling the side lines, and finally the curbcocks. 


Result of Cleaning 


The results from main cleaning at Evansville were most 
gratifying. Velocity tests were run on various lines before 
cleaning, and the drop in pressure noted, as well as the discharge 
at the hydrants. The same hydrants were used after the mains 
were cleaned, and when the readings were taken, the difference 
showed an increase of 15 to 35 per cent in the water discharged. 
With two hydrants discharging 1,000 gallons per minute each, a 
drop of but two to four pounds was noted, whereas before clean- 
ing a drop of six to fifteen pounds was common.* 

In addition, practically all the valves in the pipe lines were 
operated and tested, and those found defective were repaired or 
replaced. The customary annual inspection of valves is not 
necessary on the lines which have been cleaned, because of the 
very thorough job done in conjunction with the cleaning pro- 
gram. 

Under the three contracts 506,129 ft. of pipe were cleaned as 
follows: 


Diam. Feet Diam. Feet Diam. Feet 
at 10.725 2 See 2.196 Se ee 13.563 
a 30.238 be ee 43.007 Wet aviaes 4,609 
a 65,206 Coes vas avs 324,350 ee 12,236 
The cost was: 
a ce i a a lg oe ie ll Se $55.700.52 
Labor furnished by water department................... 27.881.22 
Material furnished by water department................. 10.329.30 
aera ree 5,330.41 
TE aiars veda ares wed bicen tates sasatedenleeneean $99,241.45 


[*Recently a 48-inch intake main 2000 ft. long under 30 ft. of 
water was successfully cleaned of 8 tons of tuberculated mate- 
rial at Erie, Pa., to raise the coefficient from C = 57 to C = 87 
and yield of 23 m.g.d. raised to 35 m.g.d. It represented a new 
experience in main cleaning.—Ed.] ? 
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The average cost was 19.6 cents per foot of pipe (all sizes) 
cleaned. 

Average material cost was 3 cents per 100 ft., which included 
paving, pipe, lead and yarn, repairing old valves and new valves 
where necessary. 

During the pipe cleaning, the question was often asked: “How 
did all the mud get in the pipes?” The answer is this: The first 
water works was built in 1873 and took the supply direct from 
the Ohio River and pumped it into the pipe system without any 
settling or filtering. 

In 1912 when the present filter plant was placed in operation, 


— 


every effort was made to flush the mud out of the 
without success. 
job was delayed. 

The question has been asked: “How did you pay for the i 
cleaning job?” The answer is this: The Water Department ‘h 
always mzde a nice profit but in order that our books will wa 
no loss when making such a large expenditure at one time a 
“Deferred Charge” scheme has been instituted in order to ponents 
the costs over a period of 10 years. However, understand, th 
Water Department payed all of the bill in cash—the “Deferred 
Charge” being only a matter of bookkeeping to spread the 
cost out. 


pipe lin 
On account of lack of funds the pipe pret 





USE OF INHIBITORS IN CLEANING METALLIC PIPE 


By ALLEN ABRAMS* and C. L. WAGNER* 
Rothschild, Wis. 


Water pipes in certain sections of the country are likely to 
become clogged by corrosion or deposits from the water. In 
many cases this has required replacement of the pipes, a pro- 
cedure which is often costly due to the necessity of tearing 
out walls and floors. As a result there have been attempts to 
clean pipes by the use of muriatic or other acids with the 
intent to leave the acid in just long enough to remove the scale 
and yet not long enough to attack the pipe itself. This, how- 
ever, is a questionable expedient and may be more expensive 
than the replacement of the pipes. 


During the last decade considerable interest has been shown 
in the use of inhibitors in pipe cleaning operations involving 
acid treatment. These are usually nitrogenous materials such 
as aniline or pyridine; and, even glue and flour have been 
used. When small quantities of such substances are added to 
an acid solution the resultant mixture will attack rust or scale 
but will have practically no effect on the pure metal itself. 
Wide use has therefore been made of this principle in the acid 
process of “pickling” metals to effectively remove scale while 
rendering the loss of metal underneath almost negligible. 

An example is also given of the use of this principle in 
cleaning the pipes of a thirty-five story office building located in 
downtown New York.’ 

Many of the pipes were concealed behind expensive marble 
walls and it was estimated that it would cost between $100,000 
and $300,000 to replace this piping, not to mention the serious 
inconvenience to tenants. By the use of an acid-inhibitor com- 
bination the whole cleaning operation was carried out on Sat- 
urday afternoon without inconvenience to the tenants. The 
pipes were returned to practically their normal condition of 
carrying capacities and the cost of the operation was but 
nominal. 


This method attracted our attention in 1927 and we made 
initial tests to determine how effectively inhibitors would reduce 
the action of acid on the metal. In parallel tests on galvanized 
iron pipes 16 per cent muriatic acid was used alone, to com- 
pare with the same acid containing 3 per cent of an inhibitor. 
Equal lengths of pipe were allowed to stand in each solution 
for six hours. At the end of that time the pipe in muriatic acid 
had lost 50 per cent of its weight while that in the inhibited 
acid had lost but 0.2 per cent of its weight. We were then 
satisfied that the inhibitors would effectively prevent destruc- 
tion of the pipes by such acid when submerged for a relatively 
short period. 


Working Demons Fractious 


Not long afterwards two lengths of pipe, leading from the 
basement of our main office to the second floor became filled 
with rust and other deposit, completely stopping the passage 
of steam. It would have been relatively expensive to replace 
this piping and we therefore opened the two lengths at the top 





*Department of Research and Development, Marathon Paper 
Mills Co., for which the senior author is Technical Director. Mr. 
Wagner is chemist. 

‘Removing Rust from a System with Piping Acid,’ F. N. 
Speller, E. L. Chappell and R. P. Russell—Chem. and Met. Engi- 
neering, July, 4927. 


and cleaned them by pouring in inhibited acid, allowing it to 
work its way through. One overnight treatment, followed by 
a thorough flushing was sufficient to clean these pipes and ne 
further trouble was encountered. 


Early this year the Marathon County Board decided that it 
would be necessary to tear out and replace all the water piping 
in the Mount View Sanatorium due to the fact that it was so 
stopped up that it was impossible to get an adequate water 
supply through the system. When the matter was brought to 
our attention we suggested that an attempt be made to clean 
several lengths of this pipe and a decision could then be made 
as to the further course to be pursued. 


Twenty-five gallons of 14 per cent muriatic acid were treated 
with 3 per cent, by volume, of the inhibitor.tt The treated acid 
was placed in a barrel to which was connected the suction of 
a small rotary pump. The acid was then forced upward from 
the basement to the second floor through a length of one-inch 
pipe, thence through a cross-over and down through another 
length of pipe to the basement. The returning acid passed 
through a fine screen to remove any dislodged particles and 
thence to the solution barrel. 


At the beginning of the test a considerable amount of solid 
material was dislodged from the pipes and it was almost im- 
possible to force the acid through. The pipes were then opened 
on the second floor, the acid mixture was poured in and al- 
lowed to flow by gravity until the pipes were filled. The bot- 
tom openings were plugged, the acid allowed to stand for eight 
hours and the acid withdrawn and the pipes thoroughly flushed. 
Examination indicated that the scale had been practically com- 
pletely removed. 


Control Procedure 


In order to determine how effectively the cleaning was being 
done, three 6-inch lengths were cut from a 1-inch pipe, which 
was so clogged with rust and dirt that it was barely possible 
to get a pencil into the opening. One of these pipes was re- 
tained without treatment and the other two were connected in 
the circuit through which the acid was being pumped. At the 
end of about two hours one length of pipe was removed and 
found to be almost completely clean except for small patches 
of rust on the walls. After ten hours the other length of pipe 
removed for examination proved to be entirely free of rust and 
scale and there was no apparent action on the metal itself. 

In the cleaning operation approximately 2,800 feet of pipe 
were treated, ranging from % inch to 4 inches in diameter. 
Estimates by George Baumgardt, who was in charge of the 
plumbing work, showed that the total labor costs were $870, 
while the cost of acid and inhibitor was approximately $20—a 
total of $890. Mr. Baumgardt estimated that the cost of re- 
placing the piping would have been: 


Galvanized pipe fittings and valves............-. $1,000 
EaOe 168 TORTI 6 aia 6s o6.doi0 be dntasseaasns 5,000 
Plaster, concrete floor and repainting........... 2,500 
ON” oikci be GRa ade Raa Rh ie Ne ania aRe ee $8,500 
++Inhibitors are available, from several of the larger chemical 
companies—Barrett & Co., Monsanto Chemical Co., General 


Chemical Co., et al. 
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COMPRESSED AIR FLUSHING OF SMALL MAINS* 


By R. F. BROWN 


Plant Manager, California Water Service Co., Stockton, California 


Many water systems in the older 
California towns, like Topsy, just 
grew without any suggestion of plan- 
ning for the future. Stockton was no 
exception. As a consequence we found 
ourselves with a great many 2-inch 
lines in the thinly populated areas. 


We have for many years followed 
the practice of flushing small mains 
and all dead ends regularly by open- 
ing fire hydrants and flusher valves 
and simply allowing the water to flow 
from the main under normal pressure 
of 45 pounds until the main is ap- 
parently clear. Under this program 
all dead ends and all small mains are 
R. F. Brown given ordinary flushing, approximately 

at intervals of every two months. 

This method, however, does nothing but freshen the water /n 
the dead ends and small mains. In order to effect a more lasting 
cure for taste and odor complaints, we decided to try boosting 
the pressure in the main with air to attempt to break loose more 
of the troublesome algae and other deposited material that at- 
taches to the pipe wall. All of our dead ends, regardless of size, 
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Riser CONNECTION TO 2” Main FoR FLUSHING 


under 90 pounds pressure and water at 45 pounds until the flush- 
ing water leaving the risers no longer carries with it any scale 
or other foreign matter. 

This system is apparently successful in accomplishing our pur- 
pose and it is economical, because the equipment required is only 
a portable air compressor and an air storage tank to provide a 


A Self-Told Story 











Air Lines Connected (This First 90 Lb. Air Shot. 
Time | Through House Serv- (Note Extension Attached 
ice at Curb Line) to Flushing-Riser ) 


and at least every other block of our 2-inch lines have what we 
call flusher-risers installed for the convenience of our periodical 
flushing program—see sketch. 


Air Flushing Operations 


Compressed air is put into the line through a service connection 
midway between two flusher-risers after we have first closed the 
shut-off valves on the intervening services. The valve on the 
flusher-riser is then opened. All water in the line is forced out 
through the riser, by air under 90 pounds pressure. As soon as 
the air has expelled all the water from the line it is shut off and 
water under our ordinary pressure is run through the line to 
sweep out, through the flusher-riser, all particles of scale, sand 
or foreign matter that have been loosened by the air “shooting.” 
We proceed in this manner alternately turning into the line air 


*From WATER WORKS AND SEWERAGE, April, 1937. 





First 45 Lb. Water Flush. Clear Water (Shooting and 
(No Argument About Need Flush Repeated As Indi- 
to Eye or Nose) cated) 


volume of air under pressure. No expensive cutting of mains or 
pavement is required and most jobs can be handled with a three- 
man crew. 

When we first started this system we cleaned 40,000 feet of 
line, mostly 2-inch, over a period of two months. The cost was 
from 60 to 90 cts. per hundred feet, depending upon the number 
of services which had to be shut off and turned on again. 

The success of this method of flushing is measured by the 
almost complete absence of the usual recurring taste and odor 
complaints from consumers served by mains thus treated. It is 
problematical how soon we will have to repeat this treatment, 
because from no consumer on the first line so treated has there 
yet developed a recurrence of complaints. 

A secondary result, not anticipated, is the increase in carrying 
capacity of the 2-inch lines brought about by the loosening and 
blowing out of a great deal of scale. Thus has resulted a reduc- 
tion in complaints of poor pressure as well as the taste and odor 
complaints. 











WATER WORKS AND SEWERAGE DATA 








BLOWING OUT SERVICE LINES* 
By S. H. DAVIS 


Superintendent, Benwood & McMechen Water Co. 
Benwood, W. Va. 


Most every water works operator will agree that a low pres- 
sure complaint can cause a water company to have poor, or at 
least “razor-edged,” public relations between the attected cus- 
tomer and the company. 

However, unless the condition is caused by insufficient main 
line capacity, the consumer’s line, as well as the company’s serv- 
ice line, is usually the cause of the low pressure complaint. At- 
tempts to convince the affected customer that he should renew 
his lines usually brings the following question or statement: 
“Suppose I do renew my lines, maybe your line is stopped up 
between the main line and my property. How about you people 
doing a little digging first?” To answer that question to his 
satisfaction, usually means to remove meter, if located at prop- 
erty line or curb plot, or cut service line at curb-stop, and let 
him see for himself. If the pressure is poor and he sees it, he be- 
comes very positive that he won’t spend a dime until given bet- 
ter water pressure. He thinks it is high time that the water 
company correct that condition and he wants it done “right now.” 

Naturally, anyone responsible for the operation of a water 
company wants the customers satisfied, but on the other hand, 
he hates to dig into a paved street to disconnect a service from 
the corporation, or to renew the service line to satisfy the cus- 
tomer. 


Method of Cleaning 


We have had the usual number of low pressure complaints 
with all the grief that goes with them. We have tried various 
methods of cleaning out service lines and the method we now 
use is the compressed air and rock salt method. 

The equipment consists of the following parts: 

(1) Cylinder of compressed air—don’t use oxygen. 


(2) 15 ft. (2,000-Ib.) wire braided hose with suitable connec- 
tions to connect to service line. 


(3) 1 (2,000-lb working pressure) check valve. 

(4) 1 (2,000-lb.) working pressure) forged cross tee. 

(5) 1 (2,000-lb. working pressure) angle valve—wheel 
type. 

(6) 1 (1,000-Ib.) relief valve—set at 600 to 800 lbs. 

(7) 1 (1,800-lb.) pressure gauge. 

(8) Necessary nipples to connect fittings and for connections 
on air cylinder (use extra heavy nipples). 


The method of blowing out service lines is as follows: 

(1) Make necessary test for low pressure. 

(2) Fill wire braided hose with about 2 ft. of coarse rock 
salt (ice cream salt) and connect to service line with 
curb or meter stop in the off position. 

(3) Close angle valve on tank connection—hose. 

(4) Open curb or meter stop. 

(5) Just crack needle valve on compressed air tank and then 
close quickly with one hand. 

(6) Open angle valve immediately with other hand—the “shot” 
is fired. 

(7) Allow muddy water from service to blow through angle 
valve until water is clear. 


(8) Connect up line. 


It is advisable to “crack” a nearby fire plug so that the ex- 
cess air will go out through plug. 

The action of the compressed air is very quick and a surging 
will be noticed in the armored wire hose, but after a few sec- 
onds the surging will stop and the water will flow out of the 
angle valve with normal pressure. As the rock salt enters the 
service line it literally scrapes the incrustation away from the 
line and the rock salt dissolves in the main line. No complaint 
of salty taste in the water has resulted, however. 

This system is only recommended where lead or copper ser- 
vice lines have been installed. There is too much danger of 
rupturing a weakened steel line which is badly corroded. 


The photographs show the results of this method. The height 
of water above %4-inch riser pipe (30 in. above curb stop) was 
3 in. only. But, after blowing out service line the height of 
water was 36 in., indicating increased pressure and volume ob- 
tained. 

We have found that after we do our part, should the pressure 
continue low, consumers become convinced that their piping is 
either corroded or too small. In most cases they will remedy 
their condition. We do not blow service lines from cellar to 
property line, because we feel that is the plumber’s job. 

The average time required to attach the equipment and blow 
out a service line is only 15 minutes. Our cost for a cylinder 
of air is approximately $2.50. 


*An article published in WATER WorRKS AND SEWERAGE, October, 
1935. 





Dribble Load 
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One Hand on Cylinder Valve, the Other on Release Angle Valve). 


Gush 
That Nee@is Blowing; Loading Armored Hose with 2 ft. of Rock Salt; the Quick Shot of Compressed Air (Note Man 


Shoot 


Results—Plenty of Water and a Satisfied Customer. 
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TREATING WATER TO PREVENT CORROSION” 
By JOHN R. BAYLIST 


Associate Editor, Waterworks & Sewerage 


The writer, in 1930, presented some of the factors involved 
in preventing corrosion of water pipes.’ Curves were given to 
show the solubility equilibrium of iron and zinc compounds in 
the presence of their respective metals. These curves (Fig. 1) 
show that practically no iron or zinc will exist in solution when 
the pH is above 8.0. At a pH of 7.0 several parts per million 
of either metal may exist in solution in some form in the absence 
of oxygen, and at a pH of 6.5 quite a large amount of iron or 
zinc may be found in solution in the absence of oxygen. The 
article explained how corroding iron took all the free CO: 
and much of the half-bound CO, from the water, leaving the 
water distinctly alkaline where there was no dissolved oxygen 
present. If the water contained dissolved oxygen the iron was 
precipitated as a hydrous oxide. Section of a 1-in. cement lined 
pipe, which had been in service for 50 years at Danvers, Mass., 
also was shown. The interior of the pipe was in fairly good 
condition, indicating that the lining was still giving very good 
protection. 


Carrying Capacity of Pipes Greatly Reduced by Incrusta- 
tion Resulting from Corrosion.—That the carrying capacity of 
iron pipes may be greatly reduced by tuberculation and incrus- 
tation as a result of corrosion is well known to most every one. 


Haydock’ describes how cleaning the tubercles or incrustation 
from several pipe lines increased the flow. One line carried 
only about one-half its theoretical capacity, and another about 
two-thirds. Cleaning a pipe line 3 miles long increased the ca- 
pacity to the extent that a pumping station could be abandoned, 
and cleaning another line 5 miles long also enabled the aban- 
donment of a pumping station. The friction loss through. a 12- 
in. line 4 miles long 20 years old was nearly three times that 
of a new line. The capacity was increased by approximately 
35 per cent and the delivered pressure by 20 lb. The gravity 
delivery of a 16-in. pipe 10.5 miles long was increased 60 per 
cent by cleaning. Cleaning a 13 mile section of a 12-in. pipe 
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’ *Excerpts from an article which appeared in WATERWORKS AND 
SEWERAGE. 
*Physical Chemist, Bureau of Engineering, Chicago, II. 
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line 22 miles long, which had been in service about 16 years, 
increased the capacity approximately 35 per cent, and cleaning 
another section of the line 6 miles in length increased the carry- 
ing capacity to 46 per cent. 


Increased Pumping Pressure or Larger Mains Very Expen- 
sive.—In some instances it is possible to deliver the desired 
amount of water through distribution systems that have become 
partially clogged by increasing the pumping pressure as the 
friction losses increase, or to install booster pumping stations 
on the distribution system in certain sections where the pres- 
sure is low. Haydock refers to the delivered pressure being 
increased 20 lb. by cleaning the pipes in one instance. Assume 
that it was desired to maintain this 20 lb. increased pressure, 
evidently it was quite expensive to do it at the pumping sta- 
tion. A fair average of the cost of lifting one million gallons 
of water 1 ft. in height is probably 5 ct. Twenty pounds is 
equivalent to about 46 ft. in head. In this case it would cost 
about $2.30 per million gallons to maintain the increased pres- 
sure. 

If corrosion is going to reduce the carrying capacity of the 
water mains in a certain city 50 per cent within 20 years, what 
is the best way of handling such a situation? Should mains 
be installed large enough to give the desired capacity with a 50 
per cent reduction in carrying capacity? The cost of such an 
investment over what would be necessary if there was no cor- 
rosion very likely would be much more than the cost of mak- 
ing the water reasonably non-corrosive. ; 

With the exception of feeder mains, engineers usually desigr 
the water distribution system for fire protection. How many 
engineers allow for a 50 per cent reduction in the carrying ca- 
pacity of the pipes within 20 years where the water is corro- 
sive? How many make any distinction whatever in the design 
where the water is corrosive and where it is not corrosive? The 
writer is of the opinion that corrosion has not been given its 
proper consideration in the design of water systems. This is 
largely due to the lack of specific information in the past as 
to how much the carrying capacity will be reduced within a 
certain time. 


Treatment with an Alkali for Partial Protection.—The litera- 
ture on the treatment of water to prevent corrosion indicates 
quite conclusively that the corrosiveness of water may be greatly 
reduced by proper treatment. It seems that some of the authors 
of articles on corrosion prevention do not fully realize the im- 
portance of a film for protection. So long as iron stains are 
prevented, some think that this is all the treatment that is neces- 
sary. As a matter of fact the carrying capacity of the pipes 
may be reduced just as rapidly as before, because most of the 
corroding iron is deposited near where the corrosion is taking 
place and forms large tubercles that are more effective in re- 
ducing the carrying capacity of the pipes than if the rust was 
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deposited fairly uniform over the surface of the pipe. Treat- 
ment just to the point where red water complaints cease may 
not materially reduce the cost to the water department for 
cleaning pipes, constructing new mains, and increasing the pump- 
ing pressure. 

Water Just Saturated with Calcium Carbonate s the Most 
Desirable Equilibrium.—As a general rule, it might be said that 
water saturated with calcium carbonate is the most desirable 
equilibrium when everything is taken into consideration. This 
is not strictly true for very soft waters, for it is desirable to 
have the water slightly supersaturated part of the time so as 
to form a thin protective film. Where the calcium carbonate 
alkalinity of the water is below 30 parts per million the appli- 
cation of lime to produce a slight supersaturation of calcium car- 
bonate should be done with considerable care, otherwise caus- 
tic water might be produced. After a thin coating has been 
formed on the pipes the water should be kept saturated with 
calcium carbonate practically all the time to keep the coating 
from being dissolved. It is admitted that the very soft waters 
are the most difficult to protect, for we are working with 
equilibriums difficult to maintain exactly on the saturation point. 
It may be almost impossible to do this with the force available 
in small plants and it may be necessary to sacrifice some pro- 
tection to avoid occasional caustic taste in the water. There is 
no reason why large plants with skilled supervision should not 
be able to maintain a fairly constant equilibrium. 






Table I—Rapid Increase in pH Caused by Corroding Iron 
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Where water has a calcium carbonate alkalinity in excess of 
about 30 it is easier to protect the pipes. If this water is placed 
in contact with an iron surface the iron going into solution will 
take up all the free Co: that is in the water and part of the 
half-bound CO: Table I shows how quickly the pH changes 
in water exposed to iron lathe turnings. After the pH reaches 
8.1 no free CO: is present. This was due to the CO. combin- 
ing with the corroding iron. 


At any point on the surface of an iron pipe where corrosion 
starts to take place due to the surface becoming exposed in some 
manner, there is a tendency for the iron going into solution to 
take up the free and part of the half-bound CO:, producing 
a supersaturation of calcium carbonate in the immediate point 
where corrosion is taking place. This supersaturation helps to 
quickly form a coating over the exposed surface both by precip- 
itating the iron compounds and also some calcium carbonate, 
especially when the water has a fairly high alkalinity. If the 
water in the mains is saturated with calcium carbonate, then the 
precipitated calcium carbonate will not be dissolved out of the 
percipitate. It will remain where it is precipitated to offer pro- 
tection against further corrosion. 


Most natural waters contain magnesium carbonate as well as 
calcium, and the presence of a considerable amount of magne- 
sium may materially alter the equilibrium curve. This is shown 
by the curves in Fig. 2. The presence of sodium carbonate also 
alters the curve. When sodium carbonate is present the only 
way the saturation equilibrium of the water in regards to cal- 
cium carbonate can be determined is by actual trial. 


Temperature also has an effect upon the saturation equilibrium 
of calcium carbonate. The curves shown in Fig. 2 were deter- 
mined at room temperature, that is, about 20 to 22° C. The 
other curves are based on actual tests, but not enough were run 
to state that the curves are absolutely correct. They should be 
regarded as somewhere near the true lines. 


Corrosion prevention by treatment of the water has been dem- 
onstrated to be practical and economical. This being true, then 
it seems that all corrosive waters should be treated. 


iBaylis, J. R. How to Avoid Loss by Pipe Corrosion. 
WorKS ENGINEERING, 83 :13-14, 31-32, 35-36, Jan. 1, 1930. 

2Haydock, C. The Cleaning of Cast Iron Water Pipe Lines. 
Jour. Am. Water Works Assoc., 11:533-4, May, 1924 
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Engineers and chemists are constantly studying the theories 
and mechanics of corrosion because it is only through better 
understanding of fundamentals that they will be able to di- 
minish losses due to corrosion. 

Thirty years ago, R. W. Whitney, now vice-president of the 
general Electric Company, announced that the corrosion of metals 
was an electrochemical process and this view is now generally 
accepted. When a metal is in contact with even slightly acidic 
solutions, corrosion takes place by the chemical process of the 
metal replacing the hydrogen in the acid. The acid dissolves the 
metal and thereby hydrogen is released. The same holds for 
corrosive waters. 

Released hydrogen coats the metal surface with an electri- 
cally charged layer that prevents the chemical reaction from con- 
tinuing at the initial rate. If the hydrogen layer is built up 
to a sufficient thickness the reaction is practically stopped. How- 
ever, under natural conditions, the hydrogen combines with 
the oxygen of the air or that dissolved in the water to form 
water and solution of the metal goes on. The amount of oxygen 
available to remove the protective hydrogen blanket determines 
the extent of cgrrosion. 


Impure metals are corroded more quickly as a rule than pure 





The Influence of Dissolved Oxygen on Corrosion Losses 






metals. Electrochemists believe that this is due to the impuri- 
ties taking up the oxygen. Contrary to the popular belief, how- 
ever, pure metals are subject to corrosion under the action of 
certain acid solutions. Prof. O. P. Watts of the University 
of Wisconsin has recently shown that if oxygen is absolutely 
excluded copper will not corrode in a solution of sulfuric acid, 
a reaction that is very rapid in the open. 

The importance of the dissolved oxygen content of corrosive 
water is thereby once more emphasized. When this element is 
present in high concentration a higher pH value must be main- 
tained to prevent corrosion of mains than otherwise; and, par- 
ticularly of household services or piping subjected to increased 
temperatures which create accelerated attack. ' 

This suggests that there is some question as to the merits of 
aeration of waters which are normally aggressive, unless the 
pH value is raised sufficiently by alkali addition to reduce the 
hydrogen ion concentration considerably; below that which is 
commonly considered to represent a neutral water. It has in 
fact been demonstrated that ofttimes waters high in oxygen con- 
tent and low in hardness must be raised to pH 9.5 in order to 
check even the cold water corrosion of mains. In some aerated 


waters a pH value of 10 to 10.5 is required, which is costly and 
questionable practice with public supplies. 
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DETERMINING THE NECESSARY TREATMENT TO 
PREVENT CORROSION" 


By P. L. McLAUGHLIN 


Sanitary Engineer, West Virginia Water Service Co., Charleston, W. Va. 


Difficulties from red water and corrosion have necessitated 
corrective treatment at nine of the fifteen water works plants 
owned by the West Virginia Water Service Company in the 
State of West Virginia. 

All nine of the supplies considered are purified in rapid sand 
filtration plants. Lime is applied to the filtered water in the 
clear water wells at seven of the plants. 

Satisfactory experiences can be cited for the plants using cor- 
rective treatment. Without exception, the managers of these 
properties report that present conditions are far superior to those 
experienced prior to the use of the treatment. Practically no 
complaints of red-water are received by them today except oc- 
casionally from consumers residing on dead ends of the distribu- 
tion systems. Furthermore, all managers report the presence of 
a white film, or protective coating, in the pipes of their distribu- 
tion systems, although the extent to which this coating has been 
deposited varies with the different waters and seems to be de- 
pendent upon the size of the distribution system, the length of 
time the treatment has been in use and the accuracy with which 
it has been carried out. 


The Method Adopted 


The treatment consists of producing a plant effluent which 
is in “chemical balance”; that is, at the saturation point with 
respect to its power to dissolve calcium carbonate. This pro- 
cedure is based on accepted principles that a water which no 
longer dissolves calcium carbonate should tend to form a pro- 
tective coating in the mains and thus prevent corrosion. The 
writer uses the following procedure for rapidly determining, on 
a single sample of water, the correct pH to maintain through 
lime addition. 

The procedure adopted assumes that the degree of undersatura- 
tion or the degree of supersaturation (within the limits required 
for performance of the test), of a water at a given alkalinity and 
pH is a function of the degree of increase or the degree of 
decrease in the total alkalinity of that water after contact with 
an excess of pure CaCO;. Therefore, to determine the pH 
value at which the saturation point of an undersaturated water is 
attained, it is only necessary to increase the pH of a sample of 
that water (with lime) through a series of arbitrary pH values. 
Then, determine the degree of undersaturation, or supersatura- 
tion, as expressed by parts per million gain or loss in total 
alkalinity after treatment with CaCOs, of the samples treated 


*From WATER WORKS AND SEWERAGE—March, 1936. 
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Fig. 1—Saturation Point of Charleston Filtered Water 
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Fig. 2—Saturation Point of Nitro Filtered Water (Oct. 23, ’35) 


to produce increasing pH values. The use of a graph is then 
resorted to. The following example of the method as actually 
applied will illustrate the procedure. 


Test Procedure 


A one gallon sample of filter effluent, taken ahead of plant 
treatment with lime, was collected in a gallon glass bottle. The 
pH of the sample was determined and found to be 6.5 and the 
total alkalinity (Methyl Orange) 18 p.p.m. About 200 c.c. of 
the sample was then transferred from the bottle to an Erlen- 
meyer flask. One teaspoon full of C.P. powdered (precipitated) 
CaCO; was added to the water in the flask and stirred for five 
minutes. The carbonate was then allowed to settle, after which 
the supernatant liquid was filtered through filter paper and the 
alkalinity determined on the filtered portion. This alkalinity was 
36 p.p.m., an increase of 18 p.p.m. over that of the original sam- 
ple in the gallon bottle. The increase in alkalinity was then 
plotted against the original pH value (6.5), thus determining 
the first point on the curve. (See Fig. 1.) 

Hydrated lime in solution (lime-water) was then added grad- 
ually to the original sample in the gallon bottle and thoroughly 
mixed by stirring until the pH of the sample had increased to 
approximately 7.0—in this instance, 7.05. At this pH the alkalin- 
ity was determined on an unfiltered portion and found to be 24 
p.p.m. <A 200 c.c. portion of the sample was transferred, as 
before, to an Erlenmeyer flask; CaCO; was added, mixed for 5 
minutes, settled, filtered and the alkalinity of the filtrate deter- 
mined. It had increased to 34 p.p.m., representing a 10 p.p.m. 
pick-up of alkalinity from the carbonate as compared to an 18 
p.p.m. pick-up in the first test on the unlimed sample. The sec- 
ond point on the curve was thus located, the increase in alka- 
linity of 10 p.p.m. being plotted against the pH of 7.05, which 
was that of the lime treated test sample. 

More lime was then added to the water in the gallon bottle 
until the pH was raised to 7.5. At this pH value the alkalinity 
was 25 p.p.m. As before, a portion of the sample was removed 
and treated with CaCOs, and an increase in alkalinity of 7 
p.p.m. was observed. This increase was plotted against pH 7.5, 
forming the third point on the curve. 

In a similar manner the pH of the sample in the bottle was 
raised with lime to pH values of 8.3, 8.7, 8.9 and 9.1 and the 
differences in alkalinities after treatment with CaCO; were 
plotted against each of these pH values. 
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It will be noted from the curve that at pH 8.7 the water was 
only slightly undersaturated, the increase in alkalinity after 
treatment with CaCO; being but 3 p.p.m. At a pH of 89, how- 
ever, the alkalinity decreased 1 p.p.m. after treatment with 
CaCOs;, showing that at this pH the water was slightly super- 
saturated and some calcium alkalinity had deposited out on the 
suspended carbonate. Therefore, the exact point of equilibrium 
lay between these two pH values, or for all practical purposes 
at pH 8.9—see Fig. 1. The pH of the sample in the bottle was 
then increased to 9.1 in order to portray the trend of the curve 
more accurately. 

Having determined the saturation point of the sample by the 
above procedure, its adaptation to plant control consists merely 
in adding enough lime to the filtered water to maintain a pH 
value of 8.9 or thereabouts in the plant effluent. 

Inasmuch as free carbon dioxide gas (CO:) influences the 
solubility of calcium carbonate in water, care should be taken 
in carrying out the procedure not to allow the sample to come 
in contact with the air any more than possible, and to avoid 
shaking or violent agitation of the sample. Removal of por- 
tions of water from the original sample should be made with a 
transfer pipette and a good grade of filter paper should be used 
for filtering the portions treated with CaCO;. The procedure is 
carried out at room temperature and it is believed that a negli- 
gible error may be introduced thereby, since in the case illus- 
trated the temperature in the Charleston laboratory was some 
10 to 15 degrees higher than the temperature of the water in the 
clear well and in the mains. 

A convenient and explanatory method of recording the data 
obtained in carrying out the procedure is shown below: 

Filter Effiuent—Charleston, October 17, 1935 


pH 6.5 CaCO: added, mixed Undersaturated 
Alk. 18 settled and filtered Alk. 36 +18 
Lime added 

pH 7.05 CaCOs added, Undersaturated 
Alk. 24 ete. Alk. 34 +10 
Lime added 

pH 7.5 CaCOs added, Undersaturated 
Alk. 25 etc. Alk. 32 +7 
Lime added 

pH 8.3 CaCO: added, Undersaturated 
Alk. 27 ete. Alk. 33 +6 
Lime added: 

pH 8.7 CaCOs added, Undersaturated 
Alk. 28 ete. Alk. 31 +3 
Lime added: 

pH 9 CaCOs added, Supersaturated 
Alk. 32 ete. Alk. 31 1 

Lime added: 

pH 9.1 CaCOs added, Supersaturated 
Alk. 35 ete. Alk. 27 —s 


The Influence of Calcium Bicarbonate 
In the Water to Be Treated 


It is known that when the calcium carbonate content of a 
water is less than 25 to 35 p.p.m., the calcium carbonate content 
must be built up to this amount before corrosion can be effective- 
ly prevented. The alkalinity of the water used to illustrate the 
procedure was but 18 p.p.m., and the water was therefore below 
the prescribed limits as to its calcium carbonate content. How- 
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Fig. 3—Saturation Point of Nitro Filtered Water (Oct. 18, ’35) 















































b 
2 
pes 
z ™ 
sie 
4 -_. = 
a i - 
a> — 
° 
3 
‘oe iS 2o 25 30 as 


ALKALINITY IN REM BEFORE CORRECTIVE TREATMENT 


Fig. 4—pH Saturation Point vs. Total Alkalinity—O perating 
Curve 


ever, this deficiency was automatically taken care of in the pro- 
cedure and in its adaptation to plant control methods by the use 
of lime which increased the calcium carbonate content to the 
point required for saturation. Several of the water supplies re- 
quiring corrective treatment operated by the West Virginia 
Water Service Co. normally, or occasionally, have calcium car- 
bonate contents in excess of the minimum requirements. The 
procedure for determining the pH of the saturation point for 
these waters is carried out with lime in the same manner as 
described. 

Figure 2 shows the curve obtained by the procedure on such 
a water. The sample was taken recently from the filter effluent 
of the Nitro plant which treats Kanawha River water and had 
a pH of 7.1 and an alkalinity of 47 p.p.m. 

The saturation point of the same supply, determined five days 
previously, is shown by Fig. 3. In this case, the pH of the filter 
effluent before lime addition was 6.9 and the alkalinity was only 
39 p.p.m. 

Inasmuch as the pH of the saturation equilibrium with calcium 
carbonate of any water depends, among other factors, upon the 
concentration of dissolved alkaline compounds in that water, it 
has been found, as would be expected, that the pH of the satura- 
tion point varies with changes in the chemical composition of 
the water. As the alkalinity decreases, the pH and total alkalin- 
ity at the saturation point increases and vice versa. 

Protective carbonate coatings will be quickly dissolved and 
removed if the water in contact with them is undersaturated. 
Also, such coatings will be built up too rapidly if the pH of the 
water is carried too high above the saturation point. Theretore, 
to practice effective control in the treatment for the prevention 
of red-water and corrosion on a supply of fluctuating chemical 
character it is necessary to vary the pH of the plant effluent as 
frequently as is required to meet changing raw water conditions. 


A General Curve for Plant Control 


For a given supply, saturation points (pH values) can be de- 
termined by the procedure for various alkalinity values and a 
saturation curve plotted from this data. Figure 4 represents 
such a curve under process of development for the Charleston 
water. With experience the number of trial tests can be reduced, 
and once the curve has been established for a supply, the ap- 
proximate pH of the plant effluent of that supply required to 
bring the water to equilibrium with calcium carbonate can be 
selected at once by merely determining the total alkalinity of 
the water to be treated. Then, if desired, a single check test 
should confirm this value if made on the plant treated water. 

When corrective treatment is first applied to a water supply 
it is probably best to deliver the water to the distribution system 
in a slightly supersaturated condition for a period of several 
months or until a thin protective film has been built up in the 
mains. The treatment should then be reduced and maintained 
as closely as possible at the pH of the saturation point with 
calcium carbonate. It will be found difficult, if not impossible, 
to maintain the pH .at exactly the desired value under crdinary 
methods of plant control but the ‘slight variations experienced 
should not impair the success of the treatment in so far as over- 
all practical results are concerned. 

In closing, it should be pointed out that the procedure pre- 
sented in this paper is not held to be without errors but it is 
believed that the procedure provides a rapid and workable 
method, sufficiently accurate for the purposes required, whereby 
the pH of the saturation point of a water can be obtained from 
a single sample of that water, thereby eliminating cut and try 
methods on a plant scale. At least it has been successfully ap- 
plied to the low alkalinity waters encountered in several West 
Virginia plants. 
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CHECKING TUBERCULATION BY CHLORAMINE TREATMENT * 
By J. WALTER ACKERMAN 


General Superintendent, Consolidated Water Co., Utica, N. Y. 





The results from the ammonia-chlorine treatment in 
suppressing tuberculation of the 12-mile cast-iron sup- 
ply main at Utica, N. Y., constitute a new chapter in 
corrosion control and depreciating capacity values of 
water mains, 

When Mr. Ackerman first reported his observations 
informally before the American Water Works Associa- 
tion in 1934, he considered the findings both interesting 
and indicative, rather than conclusive. Amongst his 
audience were many skeptics. A year later sufficient 
supporting data had been accumulated by him to war- 
rant a further informal report before the same asso- 
ciation. Now, still a year later, the results are more 
than ever convincing. It was with this in mind that 
WATER WORKS AND SEWERAGE asked Mr. 
Ackerman to present to its reader his data-graphs and 
the accompanying report of the continuing effective- 
ness of the treatment which maintains sterile conditions 
throughout the 12-mile main.—Editor. 











The Consolidated Water Co. of Utica, N. Y., constructed in 1906 
a single 24-inch cast iron water main for transmission purposes 
to bring water from the West Canada Creek at Hinckley, N. Y.., 
to Marcy Summit, a distance of 12.1 miles, for the purpose of 
supplying the city of Utica with water from this source in addi- 
tion to that already supplied from the southern group of reser- 
voirs. This supplied sufficient water for use in the city until 1922, 


*I’rom WATER WORKS AND SEWERAGE, May, 1936. 


when the use had increased and delivery of this line had dimin- 
ished to a point where it was only delivering about 8.5 M.G.D. 

Records in the office indicate that in 1917 this line was examined 
by Metcalf & Eddy, Engineers, and the value of “C” in the 
Hazen-Williams formula was found to be 109. On July 5, 1921, 
“C” had dropped to 95, and in November of the same year it 
had dropped further to 93.5. It later became necessary to clean 
this line and the National Water Main Cleaning Company was 
engaged for this purpose and cleaned it on October 5, 1922. 

Table A shows the number of times the main has been cleaned 
since that date and the various “C” values before and after 





cleaning. 
TABLE A 
Months 
Since 
Date Previous Reservoir ——Delivery— ge i 
Cleaned Cleaning Elevation Before After Before After 


1199.9 Oct. ’22 Oct.’22 June ’22 Oct. 8, ’22 


Oct. 5, 1922 1199.9 8.5 12.3 90 131 
1192.3 Mar. ’24 May ’22 

Apr. 1,1924 18 1226.1 ~ 10.3 13.2 109 136 
1211.8 Aug. ’25 Oct. ’25 

Aug.27,1925 17 1220.4 10.5 13.9 106 142 
1222.7 Apr.’27 June ’27 

May 4,1927 20 1223.1 10.1 14.2 103 144 
1223.7 July ’29 Sept. ’29 

Aug. 6,1929 27 1215.6 10.0 13.8 102 142 
1193.3 Nov. ’30 Mar. ’31 Nov.’30 Sept. 31 

Jan. 3,1931 17 1249.7. 10.2 14.6 109 133 
1223.6 May ’33 July’33 Apr.’33 July ’33 

June 16,1933 29 1273.8 10.3 14.0 106 136 
1276.4 Apr.2,34 Apr.12,’34 

Apr. 8,1934 10 1226.1 11.9 13.7 111 144 
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EVERSON MANUFACTURING CO. 


“The Swimming Pool People’’ 


233 West Huron Street Write for 
CHICAGO, U.S.A. Bulletins 


EVERSON 
CHLORINATORS 
for Water Works 


and Sewage 
Plants 


VERSON definitely en- 

ters the waterworks 

and sewage field with 
the development of EVER- 
SON Rota-Meter CHLORI- 
NATORS—the last word in 
sterilizing equipment. 


The Rota-Meter long tried, 
tested and proved is an accu- 
rate gas flow metering instru- 
ment that permits wider range 
of deliveries of chlorine gas 
for sterilizing water or sew- 
age. It introduces new, visible 
micrometer control of gas 








; DCR— De Luxe Cabinet 
flow at all times. The Rota- Model EVERSON | Rota- 


Meter consists of a silver Meter Chlorinator . . . a 
Rotor, shaped like a miniature Sonnet fab te « suave, 
b ’s to that spins free in a modern steel cabinet, with 
oys P, p the Rota-Meter under a 
tapered glass tube. Suspended 
in and revolved by the flowing 
gas, it rises and falls with 
every alteration of the rate of 
flow indicating by micrometer 
calibrations on the confining 
tube the exact volume of gas 
passing. 


glass bell jar. 


j ; Large or Small 
| Capacities 


EVERSON Rota-Meter Chlori- 
nators are built in an exceed- 
ingly wide range of sizes permit- 
ting deliveries of any capacity. 
“1. This Chlorinator comes in three 





. types—namely, De Luxe Models, 
4 Cabinet Models, and Standard 
Models. 


Other EVERSON 


Products: . 














Re-circulating system 
| Electric Chlorinators 
: Suction Pool Cleaners 
Under Water Lights 
Pool Fittings 
Water Level Control 
Pool Equipment 


R—Standard Model EVER- 
SON Rota-Meter Chlori- 
nator. Write us your 
Chlorine Requirements 
we recommend the proper 
unit for your job and 
send complete data. 


EVERSON 








Until December, 1933, this 24-inch line had carried ncthing but 
untreated water, chlorination being carried out at the local dis- 
tributing reservoirs. In December, 1933, chlorine-ammonia treat- 
ment of the water was started at Hinckley, and the “C” value at 
the time the treatment began was 105. In April, 1934, just prior 
to the last cleaning, a measurement of “C” showed a value of 11] 
an apparent improvement of about 6 p.c. in carrying capacity after 
the four months of treatment by chloramines, without cleaning, 

The last cleaning of this line was done as noted on April 8, 1934, 
and the “C” value was raised from 111 to 144. No mechanical 
‘cleaning has been done since that date, but the line has been 
continuously treated with chloramines to the present time. On 
April 16, 1936, the last determination of the “C” value was 138. 

The graph accompanying this article shows the variations jn 
the level of the water in the Hinckley Reservoir, which varies 
the head on this pipe line and consequently varies the flow due to 
this change in head. It shows the monthly average flow in each 
month from 1922 to date, also the chlorine application and the 
resultant “C” value before and since the applicaticn of the 
ammonia-chlorine treatment. The results seemingly speak for 
themselves. 


Method of Checking "C" Value 


Just a word as to the method of checking this “C” value. Care- 
ful and rechecked determinations of reference level points at each 
end of the 12.1 miles of pipe have been made. Consequently, 
physical observations of the water level in the standpipe at one 
end of the line and the water level at Hinckley Dam at the 
other end give the actual slope. The amount of flow is deter- 
mined by a venturi meter, but at no time has the value of the 
amount of flow been accepted except after being checked by ma- 
nometer or pitot tube, and, in fact, a number of these deter- 
minations are made either by the manometer on the venturi tube 
or the pitot tube near this same place. Therefore there are some 
slight variations in the determining of the “C” value of the period 
from April, 1934, to the present time. While there appears to 
be somewhat of a downward trend, it is so small as to be almost 
negligible, as, of course, the different methods of computing the 
flow vary about 2 to 3 per cent, according to the method used 
for this determination, which is as close as can be expected for 
equipment of this nature. 

The Marcy standpipe, which is at the lower end of the 12.1 
miles of 24-inch pipe in question, is 2.3 miles from Marcy Reser- 
voir, where the actual chlorine residual is taken, as the Marcy 
standpipe is in a more or less inaccessible location a part of the 
year. The residual obtained and shown on the chart is less, there- 
fore, than the actual residual at the end of the 12.1 miles of 24-inch 
pipe, as the chlorine demand in the 2.3 miles to Marcy Reservoir 
is considerable in this uncleaned and badly tuberculated section 
of pipe, which we believe is gradually being cleaned by the action 
of the chloramines. 


Addenda—1937 


The above article was prepared in April, 1936. From Mr. 
Ackerman comes the following advice and a new graph, which 
carries forward the flow and friction data into 1937, although 
the graph carries the original date—April 21, 1936. The author 
explains that the data are checked by frequent readings taken 
from a checking manometer on the venturi tube, and the use of 
a Cole rod and Lanham rod. These check readings have shown a 
difference of but 1 to 3 points in obtaining “C” values of 134 to 142 
in the Utica situation. 

Mr. Ackerman states: “It will be noted that there seems to be 
a slight diminution of the “C” value during the past year, but 
hardly enough to make very much difference in our flow. As a 
matter of fact we are actually getting more water down now than 
heretofore, which, I think, is due to the fact that all of these 
figures constitute the result between the Hinckley Dam and our 
Marcy standpipe only.” 

“Below the Marcy standpipe to our reservoirs are two lines 
of pipe, one 24-inch and one a 16-inch. We know that the 16-inch 
is very badly tuberculated. About three years ago a test was made 
on it and the ‘C’ value was down to about 60. But, since we had at 
least a theoretical capacity greater than the line above, we did 
not clean these two lines. We do find now that the water does 
not stand as high in our standpipe with the same dam elevation 
at Hinckley as heretofore, which rather indicates that the chlora- 
mines have been gradually cleaning the 16 and 24 inch lines below 
the Marcy standpipe.” 

“These are just some added points to give you a better under- 
standing of the problem.” 
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~ LIMESTONE CONTACT BEDS FOR CORROSION CONTROL 


Have Features Attractive for Small Installations 
By |. M. GLACE, C.E. 


Consultant and Supervising Engineer, Harrisburg, Pa. 


The water served Dillsburg, Pennsylvania, is typical of that of 
many other similar supplies serving the considerable number of 
communities located in or contiguous to the Appalachian Moun- 
tains in Pennsylvania. oa 

The following analysis of the Dillsburg water is characteristic 
of water of the territory—very soft and palatable, but corrosive 


and tuberculating : 


EE SR ere er Cr re rer 12 p.p.m. 
WOES Bic vig k wig bs ciasetaor asain cca ote ee 8 p.p.m. 
aa ee ro err err 20 p.p.m. 
From a bacteriological standpoint the water is of high quality. 
Complaints 


Tuberculation of the mains had resulted in a noticeable decrease 
in carrying capacity and pressure losses at fire hydrants. In 
order to cooperate with the local fire department the water com- 
pany, which is exceptionally progressive for a community of this 
size, retained a nationally known water main cleaning company 
to scrape the lines. From the standpoint of recovery in main 
carrying capacity this operation was a success. Naturally, the 
cleaning exposed some fresh metal, and complaints of “red water,” 
laundry stains, and iron tastes were received by the company. It 
was then that the writer and the Wayne Laboratories, with whom 
he is associated, were retained to recommend relief measures. 

Consideration was given first to standard methods for the 
control of corrosion through the application of hydrated lime, 
other alkaline salts, to boost pH values. Such a procedure, how- 
ever, requires more or less constant attention and close chemical 
control to be really effective. Moreover, the cost of the operations, 
for a small company, is excessive and remoteness of the proper 
point of application at Dillsburg would make it more so. A search 
was made, therefore, for some easier solution of the problem, one 
which might be less exacting in control. 

Limestone—Nature's Corrective 

The suggestion was made by Wayne Laboratories that beds of 

limestone be prepared and the spring water passed through for 


*Taken from an article in WATER WoRKS AND SEWERAGE, 


FROM Isr SPRING 2000' + 





TO BOROUGH 10,000’ 





treatment. In the absence of concrete information and technical 
data on such treatment no attempt was made to put such a plan 
in operation because lime treatment seemed the more positive and 
certain method. 

At about this time an article appeared in WATER Works & 
SEWERAGE, under the name of Henry Ryon, describing the experi- 
mental work and full plant scale results at a state institution on 
Long Island, where crushed marble contact filters had been in- 
stalled for the correction of a well water which has practically 
the same characteristics as that of the spring water at Dillsburg. 

Using the Ryon data, from Water WorKs AND SEWERAGE aS 
a guide, an experimental unit (here sketched) was installed at 
Dillsburg. It was continuously operated for almost a year before 
determining on the plant scale design and practicability of the 
scheme, under winter conditions, life of the marble or limestone, 
and other important practical considerations, such as cloggage, 
difficulties and the like. 

The incoming raw water and the outgoing treated water were 
metered as shown, using standard 5£-inch service meters; the feed 
and discharge lines were of new galvanized iron pipe. The 50 
gallon wooden barrel, and the terra-cotta pipes which serve as 
baffles for proper distribution through the tank, are filled with 
broken (high-calcium) limestone of about 1 inch size. The flow 
of water was regulated during most of the period at a rate of 
about 220 gals, per day, or slightly less than a pint per minute. It 
is interesting to note that this small amount of water was meas- 
ured quite accurately (within a five per cent error) by the meters, 
as checked by volumetric determinations. The influent meter was 
operating under a head of only about one foot. 

At this low rate of flow it is estimated that the water in its 
passage through the tank had a 2 hour contact, based on approxi- 
mately 50 per cent voids in the limestone bed. 

Observations and Deductions 

At the end of the first six months’ run, the inlet and outlet 
pipes and the meters were dismantled and examinad. The inlet 
pipe was already tuberculated and badly stained. The inlet meter 
likewise was heavily stained, but not tuberculated. The outlet 
pipe, on the other hand, showed no iron discoloration, and no tu- 
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Experimental Calcium Carbonate Contact Bed Set Up and 
Operated in Corrosion Control Studies at Dillsburg, Pa. 


berculation or pitting, but was covered with a soft and very light 
gray film. The outlet meter was not affected one way or the other. 

The limestone at the top of the down-flow (inlet) compartment, 
was also excessively stained but, the stone surfaces at the outlet 
side were as clean apparently as on the day they were placed. 

During this six-months period the rate of flow was uniform, it 
being controlled by means of a drilled coin union placed in the 
inlet line. Later a larger orifice was inserted and the rate tripled, 
with an immediate decrease in the efficiency of the treatment being 
noted, 

Based on a number of determinations made in the field and in 
the laboratory (with results averaged), the experimental unit 
produced a very consistent effluent as follows: 
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The practical benefits of a non-corrosive water have recently 
been well demonstrated by the New England Water Works Asso- 





Maximum Flow Gage 
for Sewers* 


The accompanying sketch pictures the type of maximum flow 
gage, which has been installed in five manholes in the village of 
Shorewood in Milwaukee County, Wisconsin. 

Metcalf and Eddy, in “American Sewerage Practice’ (Vol. 
1), under Maximum Flow Gages, describe a device that is sub- 
stantially a stick with small vials attached along its length and 
inserted into a perforated pipe. The level of the mouth of the 
highest vial found full indicates the height to which the sewage 
has risen in the manhole. This design, however, has its disad- 
vantages. First, the vials are breakable and entail considerable 
trouble in replacing. Second, it can not be used where the velocity 
exceeds eight feet per second. 

The improvements in the Shorewood installation are: 

First: It is cheap—the entire gage, made by a tinner and ready 
to install, costs very little. 

Second: It is not breakable and may be used in sewers regard- 
less of velocity. Being made of brass or copper it is immune to 
corrosion. 

A brief description may be helpful—This gage is made of one 
inch (square) brass tubing, with one face (C on sketch) cut 
through at predetermined spacings. In the Shorewood design it 
is three inches. Then the corners are ground off on a power 
grinder to make edges A and B. The resulting flap is bent back 
and soldered in place to form the bottom of the pocket above. 
The block of wood is to raise the gage to the elevation of the 
invert of the sewer. The spacing of the pockets and the width of 
the mouths may be varied to suit circumstances. A perforated 
2 in. W.I. pipe protects the gage. 

In practice the gage has proven reliable and has served satis- 
factorily through several storms when the sewers were sur- 
charged. 

Credit for this design belongs to George Dewey Simms, As- 
sistant Village Engineer, Shorewood, Wis. 





*Contributed by Julius Lucoff, Milwaukee, Wis. 
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ciation, in its report on Pipe Line Friction Coefficients which 
emphasizes the inter-relationship between calcium carbonate alka- 
linity, and COs: content, and the -value of pH of the supply os ae 
index of rate of capacity loss. The figures given above seem to 
be in agreement with the findings of the committee. 

As a result of this experimental work, a full-scale plant (see 
sketch) has been designed, using the same principles of treatment 
and is now being installed at Dillsburg. ‘ 
Additional Observations 

Further evidence of the efficacy of this type of treatment, for 
control of corrosion, has been secured in another and much] arger 
Smmunity. The supply is essentially the same as that at Dills- 
burg. 

At the present time complaints of “red water” are frequent 
occurrences. This condition existed in the home of the local 
superintendent, who, on his own initiative, removed the iron ser- 
vice lines in his home and installed copper service pipes through- 
out, as well as a copper hot water tank. 

In less than a month after the copper pipes were installed, the 
iron stains formerly present on the plumbing fixtures disappeared, 
and the typical green stains of copper became noticeable. To 
these the writer’s attention was directed at about the time that 
the first definite data had been secured at Dillsburg. 

As a further experiment, therefore, a 50 gallon galvanized iron 
hot water tank was secured, filled with %4-inch broken limestone, 
and installed on the service line into the superintendent’s home. 
An immedate improvement followed. The copper stains disap- 
peared from the fixtures and, after six months’ operation, have 
not again re-appeared. Because of the great irregularity of flow of 
water in this as in other private homes, the pH and other char- 
acteristics of the treated water have not been so uniform as were 
those of the Dillsburg unit, which was operated at a constant rate 
of flow. However, at no time did the pH of the limestone-pas- 
sivated tap water fall below 7.0 and has been usually higher. 

It is recognized that additional tests and further demonstrations 
are necessary before final conclusions are justified on this sim- 
plified type of treatment. The results to date, however, have defi- 
nitely surpassed expectations and the method is attractive even if 
some supplementary chemical treatment proves advisable at a later 
date. 
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Details of Flow Gage 
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CORROSION CONTROL BY DEAERATION 


By SHEPPARD T. POWELL’ and H. E. BACON’ 


Baltimore, Maryland 


All branches of engineering in which the handling of water is 
involved have found the corrosion of ferrous materials to be 
a major problem. Preventive methods have been developed as 
more detailed knowledge of the corrosion process has been gained. 
At the present time the mechanism of corrosion under various 
conditions has been the subject of considerable experimental and 
theoretical study and is fairly well understood. It is well estab- 
lished that the attack of water upon iron results in a concentra- 
tion of hydrogen ions at the surface of the metal, which stops 
the corrosion process under the conditions usually encountered in 
ordinary water for domestic or industrial use. Dissolved oxygen 
in the water reacts with this protective hydrogen, which is thus 
removed, and in consequence permits the attack on the metal to 
continue. Speller lists the oxygen concentration as first in impor- 
tance among the factors in corrosion by water in the neutral zone. 


Protective Coatings 


Many methods of corrosion control seek to prevent the water 
from coming in contact with the metal, by interposing protective 
layers of various kinds. These may be deposited chemically, as in 
the case of films which confer passivity on the metal, or scales 
formed from minerals in the water. Protective coatings and 
linings are also applied in the form of various paints and cements. 
Efforts to prevent the corrosion of water mains are generally 
effected in this way, and when carried out properly such treat- 
ment is successful. 

Oxygen Removal 

Since dissolved oxygen is generally necessary for the con- 
tinuous attack of water upon ferrous materials, considerable 
attention has been given to removal of this gas from water. It 
is a well-established fact that corrosion of pipes carrying hot 
or cold water can be enormously curtailed merely by removal of 
dissolved oxygen from the water. Such treatment is regarded as 
imperative for boiler feedwater and is accomplished by elevating 
the temperature, to reduce the solubility of oxygen, and venting 
the gas which is evolved. Chemical reducing agents are fre- 
quently used to complete the deaeration of the water. Hot water 
heaters have been used to a limited extent for partial deaeration 
of hot water used in large buildings, and cold water has been 
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*From WATER WORKS AND SEWERAGE, April, 1937. 
‘Consulting Chemical Engineer and “Associate. 
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A Dual Demonstration in Corrosion Control. (Below) 
The Non-Corrosiveness of Deoxygenated Water on Bare 
Smooth Walled Steel Pipe. (Above) The Effect of Mill- 
Scale in Increasing Corrosion, Even in the Practical Ab- 
sence of Dissolved Oxygen and pH Values Approaching 8.2 





The Completed Deaerator. Capacity 4 M.G.D. Vacuum 28 
to 28.5 Inches. (For Details and Dimensions, See Sketch) 


deactivated by apparatus which provided for removal of oxygen 
by contact with scrap iron. However, removal of dissolved oxygen 
has not been widely practiced except for the deaeration of boiler 
feedwater. 


Freeport Sulphur Co.'s Problem 


The Freeport Sulphur Comany, operating mines in Louisiana 
and Texas, has encountered the problem of corrosion in connec- 
tion with its water supply system, and the corrective methods 
adopted have attracted considerable interest. This company has 
developed the sulphur resources in the Mississippi delta below 
New Orleans, with a mine located at Grande Ecaille, Louisiana. 
Since the sulphur mining process requires large volumes of hot 
water and it is also necessary to generate considerable steam, an 
adequate water supply is essential to this industry. This was 
obtained by establishing a reservoir and pumping station at 
Port Sulphur, located on the Mississippi river nine miles from 
the mine. The reservoir water is pumped from here to the property 
through an uncoated steel pipe. This line is welded and is carried 
on piles and passes under water only at bayou crossings. 

Provision was made for supplying 4,090,000 gallons per day, 
which was required for operation at the desired rate. However, 
in four months the carrying capacity of the line decreased nearly 
25 per cent due to corrosion of the pipes, which likewise seriously 
threatened the destruction of the pipe. An examination of the 
pipe revealed excessive tuberculation, which accounted for the 
marked rise in the coefficient of friction and consequent. depre- 
ciated carrying capacity of the line, and increased pumping costs. 

Consideration was given to lime treatment to inhibit aggressivity 
of the water, involving the possibility of producing on the pipe 
walls a thin protective coating of calcium carbonate. The river 
water, however, was not susceptible to the precipitation of cal- 
cium carbonate by this treatment, because the pH of the settled 
river water was approximately 8.0, no bicarbonate alkalinity 
being present most of the time. Sodium silicate was applied in 
the hope that a silicate scale could be deposited, but evidence 
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UNE DRAWING SHOWING DEAERATING TANK & 
SLAT-PACKED TOWER CONSTRUCTION FOR DEAE- 
RATING WATER SUPPLIED TO GRANDE ECAILLE 


MINE OF THE FREEPORT SULPHUR COMPANY 
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Section Through Deaerator and Piping Arrangement 


indicated that corrosion continued, or was retarded so little that 
the treatment was not justified. Further, there was definite evi- 
dence that silicate scale was developing in the boilers, and, fearful 
of consequences, the immediate termination of the silica treatinent 
was determined on. 


Oxygen Removal Turned to 


These experiences led finally to consideration of deaeration of 
the supply as that treatment which would insure a most overall 
satisfactory solution of the problem. The oxygen present in the 
water varied between 6 and 10 parts per million, and exceeded 
the saturation value at times because of the presence of prolific 
growths of micro-organisms. Deaeration with sodium sulphite 
was undertaken experimentally, and almost immediately a reduc- 
tion was noted in the rate at which the capactiy of the line was 
decreasing. The expense of chemical deaeration would have been 
prohibitive, however; and, having served to demonstrate the eff- 
ciency of deoxygenation, it was not considered as a permanent 
treatment. In view of the proven benefits of dissolved oxygen 
removal, steps were taken to design equipment for mechanically 
deaerating the water by passing it through an evacuated chamber. 

The only previous large-scale application of the deaeration 
process had been at Coolgardie, Australia, where 6,000,000 gallons 
of water per day are deaerated to protect a 350-mile pipe line. 
Inquiries directed to the officials in charge of this latter installation 


brought the information that excellent results were being obtained 
which confirmed statements appearing somewhat earlier in the 
technical literature. As a result of the investigation and the 
favorable record of the Australian plant, a cold water deaerator 
was designed. This consisted of a tower, into the top of which 
water was to,be introduced in the form of a relatively fine spray 
dropping into a collecting chamber at the bottom of the unit, 
from which it could be pumped into the pipe line. The apparatus 
was to be maintained under a specified vacuum and the gases 
flashed from the water, removed by the vacuum pump. An ade. 
quate seal was designed so that the desired vacuum could be main- 
tained. Calculations were made to determine the operating charac- 
teristics of various designs and the required vacuum pump capaci- 
ties and cost factors involved in installation and operation. 

On the basis of this information a small pilot plant, having a 
capacity of 100 gallons per minute, was built. This equipment 
differed from the earlier designed unit in that the tower was 
packed with wooden slats over which the water trickled in thin 
films from which gases were readily released. Experiments were 
made to determine the oxygen removal resulting when the water 
was dropped from various heights and when different degrees of 
vacuum were maintained. These tests showed that approximately 
95 per cent oxygen removal from the water was effected [0.33 
p.p.m residual oxygen] when the deaerating chamber was under 
a vacuum of 28.5 inches. The curve of oxygen removal becomes 
almost horizontal at this vacuum and further reduction in pres- 
sure requires rapidly increasing pump capacity because of the 
much larger volume of the rarified gases under the lower pres- 
sure. It was determined that the remaining 5 per cent of dis- 
sclved oxygen could, therefore, be removed most practicably and 
economically by means of the deoxygenating sodium sulphite than 
by extending the mechanical process. The type of deaerating unit 
constructed as the pilot plant was a much less expensive form 
of construction than the Australian apparatus, and, since excellent 
results were obtained, it was used as the pattern in designing the 
full-scale plant. 

Water deaerated by the pilot plant was passed through a 4-inch 
discharge line for a period of three months. At the end of this 
period the line was inspected and sections of the pipe were cut 
longitudinally. No tuberculation was found, and by comparison 
with control specimens carrying undeaerated water it was obvious 
that corrosion was almost entirely inhibited. In each case portions 
of pipe from which the mill-scale has been removed by pickling 
were inserted in the line. This was done in order to evaluate the 
harmful effect of mill-scale on past operation. The pipe which 
contained mill-scale was much more seriously attacked by water 
with normal oxygen content than was the pickled (cleaned) speci- 
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VOGT BROTHERS MFG. CO. 


INCORPORATED 
1402 W. MAIN ST., LOUISVILLE, KY. 


All Vogt Brothers’ Gate Valves are in strict 
accordance with Standard A. W. W. A. 
Specifications. In addition to the products 
i‘lustrated here, we also make Spigot Con- 
nection Valves, Flanged Valves, Valves for 
horizontal operation, with gears, hand- 
wheels, etc. All products are made com- 
plete in our own Foundries and Shops 
and prompt 
shipment can 
be made on all 
items. 
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men. With deaerated water, however, the corrosion was very 
slight, even in the presence of mill-scale, although it was apparent 
that pickling had been of some benefit in this case also. 


Plant Scale Installation 


Observations on the pilot plant and calculations for a full-scale 
unit were so encouraging that a large deaerator was constructed, 
capable of treating the entire supply of 4,000,000 gallons per day, 
for which the pipe line was designed. The deaerating apparatus 
is illustrated in the accompanying sketch and photograph. It 
will be noted that the vacuum maintained is sufficient to draw 
the water from the reservoir into the deaerator. The water is 
distributed over the slat bundles by two perforated pans and 
is discharged to the suction of the pump feeding the pipe line. 
Sodium sulphite is applied at a point between the deaerator and 
the pumps. This chemical is fed by means of a Cochrane pro- 
portioner. The water is pumped through the 9-mile line by three 
10x8-inch HYC two-stage Allis-Chalmers centrifugal pumps. A 
Worthington 18x7-inch dry vacuum pump, with an overall effi- 
ciency of 39 per cent, is used for maintaining a vacuum of 28 to 
28.5 inches in the deaerating tower. 


Results of Treatments 


_The result of this treatment and the entire history of the pipe 
line are strikingly illustrated in the chart picturing carrying 
capacities. It will be noted that since the deaerator was put into 
operation in April, 1935, decrease in carrying capacity has occurred 
at a very slow rate, and at the present time this curve has become 
practically horizontal. The pipe line has been inspected at several 
points and it is apparent that tuberculation has been almost 
entirely stopped. It is therefore believed that deaeration of the 
cold water is an entirely satisfactory solution to the very serious 
problem with which this company was faced. Moreover, this 
installation has afforded a practical demonstration of the feasibility 
of mechanically deaerating even large quantities of cold water 
where the protection of pipes of ferrous material is desired. 


Acknowledgment.—We wish to express our appreciation of the 
assistance and co-operation of W. T. Lundy, vice-president and 
general manager, and Homer S. Burns, vice-president, of the 
Freeport Sulphur Company, which have made the project a success 
and this article possible. 





Relative Carrying Capacities of Pipe Lines of Equal Smoothness 


Prepared by Emil L. Neubling for the Reading Meter Repair Co. 
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The foregoing tables will be found useful in pro- 


portioning distribution lines. 


Example: To find how many one-half inch pipes 
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can be supplied by a 4-in. line, follow down the %-in. 
vertical column to the number opposite 4-in. diameter 
of the first column, where the number 181.02 is found, 
which is the number of one-half inch lines that can be 
supplied by a 4-in. line. 

Example: To find how many 12-in. lines can be 
supplied by a 48-in. line, follow horizontally along the 
48-in. diameter of the first column, until you reach the 
12-in. vertical column, where the number 32 is found, 
which is the result desired. 
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CHEMICALS FOR WATER AND SEWAGE TREATMENT 
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CHLORINATED-COPPERAS 


(Amongst the most modern of the coagulants are the 
ferric salts. The most economical source as a ferric 
coagulant is ferrous-sulphate oxydized with liquid 


chlorine—i.e., “Chlorinated-Copperas”. ) 


IN SEWERAGE TREATMENT 

For Sewerage Treatment, we wish to call your at- 
tention to a well-known authority* and his pub- 
lished reasons* for selecting Chlorinated-Copperas, 


as a coagulant. 


1—Chlorinated-Copperas proved to be the cheapest 
coagulant to produce desired results under existing 


conditions. 

2—The reaction between Copperas and Chlorine 
proved to be practically instantaneous and required no 
close control or complicated apparatus—a slight excess 
of Chlorine being added along with the Copperas for 
sterilization. 

3—Chlorine and Copperas were both easily applied 
through commonplace equipment and did not present 
any corrosion problems beyond those experienced in 
water purification. 

4—Chlorinated-Copperas is desirable as a coagulant 
because of ease of handling, low cost, and ease of ap- 


plication. 
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IN WATER TREATMENT 


Summarizing the experiences with Chlorinated- 
Copperas in a large city another well-known and pro- 
ficient manager* states in a published article* the fol- 
lowing conclusions : 


1—That it is an excellent cold water coagulant. 

2—That it has reduced operating costs. 

3—That it produces benefits, with no unfavorable 
results. 


*( References to articles and authors’ names available 
upon request). 


KILLING ROOTS IN SEWERS WITH 
COPPER SULPHATE 


Root troubles in sewers can be eliminated by the use 
of Copper Sulphate. Cities and towns have used cop- 
per sulphate for this purpose for several years. By 
throwing in the copper sulphate crystals into choked 
sewers, while at least some sewage is still flowing, a 
sufficient concentration of the poison kills the “feeder” 
stem and the root mass breaks the dead stem which has 
lost its toughness. Down sewer go the root balls to 
its outlet. 


ALGAE CONTROL 


Copper Sulphate has long been recommended by 
leading water works engineers, when slime, scum or 
other effects of algae and undesirable micro-organisms 
give trouble. Easiest algicide to use, no special equip- 
ment or training required. 
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WATER SOFTENING" 


by CHAS. P. HOOVER 
Columbus, Ohio 


The consumer judges water to be hard if much soap is 
required to produce a lather, and soft if it lathers freely. The 
hardness of most water supplies is due to four compounds 
which are held in solution. These compounds are: 

1. Calcium bicarbonate (solution of limestone, 

waters containing carbon dioxide, CO:). 

2. Magnesium bicarbonate (solution of magnesite, MgCOs, in 

waters containing carbon dioxide, COz2). 

3. Calcium sulphate (in the form, CaSO,.2H:0, is known 

as gypsum). 

4. Magnesium sulphate (in the form, MgSO,..7H:0, is known 

as epsom salts). 

As long as any of these compounds or a combination of 
them are present in a water supply it is hard. 

Chlorides and nitrates of calcium and magnesium are some- 
times present. 

Calcium and magnesium bicarbonates were formerly desig- 
nated as temporary hardness, but are now termed carbonate 
hardness. 

Calcium and magnesium sulphates, chlorides, and nitrates 
were formerly designated as permanent hardness or incrustants, 
but are now usually called non-carbonate hardness. 

Water softening processes remove objectionable iron com- 
pounds and manganese as well as hardness. 

In general terms, hard water is made soft by a treatment 
which changes calcium and magnesium compounds from a 
soluble to an insoluble form, and then by removing the insoluble 
compounds by sedimentation and filtration, or by an exchange 
process, which consists in replacing the calcium and magnesium 
with sodium. The first process is known as the chemical, or 
lime-soda process, and the second, the zeolite process. 

[Elsewhere in this issue appears a map of the United States 
which reveals the average hardness of public water supplies of 
important American municipalities, of each State—Ed.| 


CaCOs;, in 


History 


The art of water softening with linse dates back to the year 
1766 when Cavendish discovered that the addition of lime to 
natural water caused a deposition of the carbonates of calcium 
and magnesium. The proposal to use lime for softening hard 
water on a plant scale was advanced by Thomas Henry in 
England about 1800, but it was not until 1841 that water 
softening on a large scale was developed by Dr. Thomas Clark 








*Ecerpts from ‘‘Water Supply and Treatment’’—written by Mr. 
Hoover and published by the National Lime Association. 


of Aberdeen, Scotland. He patented the process of adding lime 
to water to precipitate earthy carbonates held in solution py 
carbonic acid. ; 

Winnipeg, Canada, built the first municipal plant in 199}. 
In 1903, the first municipal plant in the United States was built 
at Oberlin, Ohio. 

In 1908, water softening on a larger scale than had hitherto 
been tried was undertaken at Columbus, Ohio, when a plant 
having a capacity of thirty million gallons per day (now 50 
m.g.d.) was constructed. 

For years the advantages of water softening were offset to a 
certain extent by disadvantages. Difficulties arose in operating 
sand filters on account of incrustation of the sand with calcium 
carbonate. Water mains, service pipes and meters became 
clogged with heavy deposits. When water contained an excess 
of causticity it was unpalatable. The recarbonation process 
developed by Archbutt and Deeley in the latter part of the last 
century, was employed at several plants in England for the 
purpose of overcoming all the above difficulties, but its first 
employment in this country, on a successful plant scale, was in 
1921 at Defiance, Ohio. Since that time practically all water 
softening plants have been equipped with recarbonation devices, 

The chemistry of water softening is now well understood, 
and an exact prediction of the results to be obtained can be 
made. Improvements in design and equipment for applying 
chemicals and removing sludge all tend toward simplifying 
operation. As a result of these improvements there has been a 
decided trend toward some degree of water softening by 
municipalities throughout the United States. Industry has gone 
forward with water softening to a far greater extent because 
of proven economies in processes, materials and equipment 
where soft water is made available. 


Economic Aspects of Water Softening 


The water supply in a large number of cities and villages 
should be softened because: 

1. Hard water destroys soap; makes household work more 

difficult; has a bad effect on clothes washed in it, on 


plumbing, heating systems, boiler tubes and shells; and is 
unsuitable for many industries. 
2. Softening at a central source of supply rather than in 
thousands of homes is economically sound. 
It is cheaper to pay a reasonable additional charge for cen- 
tralized softening than to accept a hard supply, a portion of 
which must be softened in the home. 


All of us, whether we 





America’s Most Attractive Water Works Plant (WATER WorKS AND SEWERAGE Contest—1935) and the Newest of American 
Softening Plants of Important Size 
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THE PERMUTIT COMPANY 


World’s Largest Makers of Water Conditioning Equipment 
All Types— All Sizes—For All Purposes 


Telephone 330 West 42nd St., New York, N. Y. 
SALES OFFICES 


BRyant 9-9050 


Cable Address 
*“Permutit New York” 





STON. MASS....-- 2c eee ee cece eee eee ee eee nees 800 Statler Bldg. Ce, Gn bcc cccccccccecces cts Seeeees 1836 Euclid Avenue 
BOS NTON, NEE TO TIE Ae Ee Bees Ted © P. O. Box 1201 DETROIT, MICH... wc ccccccccccccccccescepeces 502 Free Press Bldg. 
BRADE! as -ael S00 Weck Ot,  SAMEAD GOUT, MDa... 2c ccccccscccveccccsccnves 215 Pershing Rd. 
RR A Bei oa laces et a Sted tad ve 500 Geum ee Se eae 909 Wright & Callender Bldg. 
ry Fe Gg nis 0's 3 ioe 9 Re sie Sere eoe ei teiee ees Ce | I, Na 005.5 ss wee be hicenlekaeaasar aia 307 Essex Bldg. 
CHATTANOOGA, TENN......---000+ee cece eee 415 Provident Building PHILADELPHIA, PA.......-0.cccccsccccccccccceces 34 So. 17th St. 
CHICAGO, TLL... 02. e secs dersscoseccccccscvccce 210 S. Clark St. PITTSBURGH, PA..........-+++ee0 615 Dollar Savings & Trust Bldg. 
CINCINNATI, OHIO....... 020s cece cece eeeee ee +3316 Lambert Place ST. LOUIS, MO.......cecceeccceccccccesscenccsecens 4064 Olive St. 

PERMUTIT COMPANY OF CANADA, LTD. 
Agents 
CALGARY, ALBERTA : MONTREAL, QUEBEC 
Stanley Brock, Ltd., 523 8th Ave., West C. Kirkland McLeod, Ltd., 1440 St. Catherine St., West 
TORONTO, ONTARIO WINNIPEG, MANITOBA 
J. A. McGarigle, 137 Wellington St., West Stanley Brock, Ltd., 145 Market Si., East 
Zeolites 


Products 

A complete line of Water Conditioning Equipment, including: 
Manually operated and fully automatic downflow and up- 
flow zeolite water softeners; porous and non-porous zeolites; 
hot process and cold process intermittent and continuous lime- 
soda water softeners; internal boiler feedwater treatment; 
pressure and gravity filters; taste, color and odor removing 
equipment; activated carbon filters; coagulant and corrective 
chemical feeds; iron and manganese removal equipment; con- 
tinuous blowoff equipment; anti-corrosion equipment; carbon- 
dioxide recorders, etc. 


Zeolite Water Softeners 

Zeolite water softeners are coming into widespread use for 
softening municipal water supplies, for which purpose they 
offer a number of distinct advantages. Prominent among 
these are their simplicity; flexibility, ease of operation; posi- 
tiveness of results; ability to operate on either a gravity or 
pressure system; low installation and operating costs; and 
freedom from sludge disposal problems. 

As a zeolite water softening plant may consist of one or 
more units, a plant, when installed, need not be larger than 
is needed for present requirements, as additional units may 
later be added to take care of an increased water demand. 
Municipal zeolite water softening plants may be operated so 
as to secure effluents of any desired degree of hardness. 
They may also be employed with iron or manganese bear- 
ing well waters, as they remove iron or manganese simul- 
taneously with and in the same manner as they remove 
hardness. 


Automatic Zeolite Water Softeners 


By a system of electrical controls, completely automatic op- 
eration of a zeolite water softening plant is secured. These 
controls may be applied to either a gravity or pressure type 
of plant and may also be applied to existing installation, thus 
making their operation completely automatic. 





Municipal Automatic Zeolite Water Softening Plant at Elmore, Ohio 


The automatic zeolite water softeners have proven espe- 
cially popular in municipal water softening plants and the 
great majority of the newer municipal plants are of the com- 
pletely automatic type. Write for full information. 





All types of zeolites, including ZEO-DUR, the standard 
greensand base zeolite; SUPER-ZEO-DUR, the high ca- 
pacity greensand base zeolite; DECALSO, the high capacity 
manufactured zeolite; and MANGANESE PERMUTIT for 
iron and manganese removal. Also ZEO-KARB, the new 
non-siliceous zeolite that may be regenerated through sodium 
or hydrogen cycles. Write for special bulletin. 


Water Filters 


Built in a wide range of sizes 
and types to cover all require- 
ments. Steel shell, pressure fil- 
ters of the vertical type obtain- 
able in all sizes up to 10 feet in 
diameter. Steel shell, pressure 
filters of the horizontal type are 
obtainable in a diameter of 8 
feet and up to 25 feet in length. 
Gravity type filters of wood or 
concrete construction built to 
suit requirements. 





Municipal Manganese Zeolite 
Tron Removal Filters at East 
Lansing, Michigan 


Chemical Feeds 


All types of chemical feeds, 
constant or proportionating, 
for feeding sulphate of alum- 
ina or other coagulants; soda 
ash; lime; silicate of soda; 
etc. These include the fol- 
lowing types: gravity; pres- 
sure solution; dry; and elec- Control Unit of Electro-Chemical 
tro-chemical. Feed — double drum type for 
feeding two chemicals—adjusted 
separately and instantly by the 
finger tip. 





The electro-chemical feed, illustrated above, is particularly 
applicable where accuracy of feeding is essential, in addition 
to which it is of a simple and rugged construction. 


Partial List of Permutit Bulletins 


Water Softening by Zeolites as Used in Municipalities. 
Experiences in Zeolite Softening. 

An Automatic Softening Plant for Utica’s Water Supply. 
Pressure Zeolite Water Softening at Elmore, Ohio. 
Zeolite Water Softening Plant Built with FERA Funds. 
Zeolites: Mining, Processing, Manufacture and Uses. 
Water Filters and Filtration Equipment. 


SAMA NS 


The above list represents but a few of our bulletins on spe- 
cial subjects, any of which may be obtained free on request. 
Kindly order by name. 
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know it or not, soften some water each day, for it is necessary 
to use soft water to keep clean. 

All public water supplies contain some hardness and that 
portion of the water in which soap is used must be softened to 
be effective. Soap has very little cleansing action until it 
lathers and it will not lather until the hardness salts in the 
water have been neutralized by it. 

Aside from the objections of the precipitated soap curd, the 
extravagance of removing hardness with soap can be appre- 
ciated when it is realized that a pound of lime costing approxi- 
mately one-half cent will neutralize as much hardness as 20 
pounds of soap costing approximately $3.00. 


Soap Losses Determined Experimentally 


The amount of soap consumed and the quantity of water 
used for household processes, laundering, dish-washing, clean- 
ing, washbowl activities, and bathing, was carefully measured 
for a period of one week, and calculated for a year." Two 
kinds of water were used, each for one week: (1) Scioto River 
water which was filtered and sterilized but not softened. The 
hardness was 270 parts per million (16 grains per gallon). It 
was delivered in 10-gallon bottles to the home where the experi- 
ments were made. (2) Softened water as delivered to con- 
sumers. The hardness averaged about 80 parts per million (4.7 
grains per gallon). In the home where the experiments were 
made there were five people, three adults and two children. 
Ivory soap in bar and flake form was used, the former costing 
21 cents per pound and the latter 31 cents. The laundering 
was done in a vacuum type electric washer, the weight of the 
clothes averaging 29 pounds per washing. 

Water-works records show that this family used the average 
quantity of water, about 30 gallons per day per capita. Their 
bill amounted to 75 cents per month. The soap was dried and 
weighed before and after it was used, so that the difference in 
weight would represent the weight actually used. The results 
for the week figured to one year show: 

1. That this family used 281 gallons of water a week for 
ordinary household cleaning, divided as follows: Laundry, 15 
gallons; dish-washing, 73 gallons; cleaning, 4 gallons; bathing, 
136 gallons; and washing of hands, 53 gallons. 

2. That approximately 11.46 pounds of soap were used per 
week with unsoftened water, or a total of 596 pounds per year. 

3. That approximately 3.7 pounds of soap were used per 
week with Columbus city softened water, or a total of 192.5 
pounds per year. 

4. That softened water saved this family 403.5 pounds of 
soap per year. 

5. That this soap, valued at 20 cents per pound, represented 
a saving of $80.70 per year and figured at 12 cents a pound, 
the price of cheaper laundry soaps, represented a saving of 
$48.42. 

6. That this consumer could afford to pay five or six times 
as much for softened as for unsoftened water. 

The investigation also disclosed the following facts: 

1. One-half again as much time was needed to launder 
clothes in the unsoftened as with the softened water. 





1Thesis presented for the degree of Master of Science by Miss 
Pauline Snyder, Ohio State University, 1927. 





2. The cleanliness of clothes washed in the unsoftened water 
was not entirely satisfactory. Several very soiled pieces had 
to be rewashed and all of the clothes had to be re-rinsed. 


3. The general appearance of the clothes was unsatisfactory 


These figures may be high for the average family but they 
are fairly representative for a family of five living in moderate 
circumstances. There are 55,033 domestic services or consumers 
in Columbus, Ohio. Applying the above figures, if each one 
saves $48.42, the total saving would amount to $2,664,697.8%6 
If this figure is divided by two because of the possible ‘use of 
cheaper compounds to “break” the water, the saving would be 
$1,332,348.93. This amount is about eight or ten times the cost 
of chemical softening. 


Relations of Soap Wastage to 
Quantity and Type of Water 


The above experiment demonstrated that 8 gallons of water 
per day per person were used for household processes. This 
quantity was probably not all completely softened by soap. 
Other workers have made the following estimates of water 
completely softened per capita per day: 


: Gallons 
WE iis acearnacsvatic cnddiannmcanidcebiabes aaaon 0.9 
Report of Special Committee for Madison, Wis.... 1.7 
Ce Se ESE comiinddircivasoanneds yoduannd 1.0 

TONNE «sacscinis sia cuties og diareidle upeiaeraea mae eaaloe 12 


The amount of soap required to reduce the hardness of 1,000 
gallons of water, one part per million, has been determined as 
being 0.2 of a pound (Foulk’s formula: Pounds of soap con- 
sumed per 1,000 gallons =2+ 0.2H). 


Based on these assumptions, the loss per family of five using 
water of varying degrees of hardness is shown in the follow- 
ing table: 

SOAP WASTAGE AND COST WHEN USING WATER HAVING 


HARDNESS VARYING FROM 150 TO 500 PARTS 
PER MILLION 





Loss lbs. of Loss 
removed by Hardness soap per family per family of 


Raw water Hardness 
hardness 





p.p.m softening reduced to of five per yr. five per year* 
150 65 85 28.5 $3.40 
200 115 85 50.0 6.00 
250 165 85 72.5 8.70 
300 215 85 94.0 11.30 
350 265 85 116.0 13.90 
400 315 85 138.0 16.55 
450 365 85 160.0 19.20 
500 415 85 182.0 21.85 





*Soap at 12 cents per pound. 


Actual Survey of Retail Soap Sales 


The economic effects of quality of water, with special refer- 
ence to soap consumption in the home, were demonstrated by 
H. W. Hudson‘ in a field survey of retail soap sales in four 
cities of the middle west: Superior, Wisconsin, and Blooming- 
ton, Champaign-Urbana, and Chicago Heights, Illinois. A can- 
vass of all retail stores selling soap in these cities was made 
by a personal investigator who compiled a complete record of 
soap sales. The soap sales and per capita soap consumption 
with different types of water are shown in the following tables: 


TOTAL SOAP SALES IN FOUR CITIES 





Annual soap Annual soap 





City sales, pounds _ sales, dollars 
Bemerior,. WiIRGGM sec ciscccsiisccsass 4,530,314 $196,133 
BiOOMMNStOR, TINGS 22.cccccccvocvcses 1,517,658 215,528 
Champaign-Urbana, Illinois .......... 2,093,881 307,732 
Chicago Heights, Illinois .............. 1,009,503 159,910 


PER CAPITA SOAP CONSUMPTION WITH DIFFERENT 
F TYPES OF WATER 





Total Annual per Annual 
hardness of capita soap cost of soap 
water supply consumption per capita 





City p.p.m. pounds dollars 
Superior, Wisconsin .......... 45 29.23 $3.75 
Bloomington, Illinois .......... 70 32.13 4.48 
Champaign-Urbana, Illinois .. 298 39.89 5.93 
Chicago Heights, Illinois ..... 555 45.78 7.50 





2Geological Survey of Ohio, Bulletin 29, 1925. 

%Report of Water Commission, 1922. ; 

*Abstract of thesis for Doctor of Philosophy in Economics, Uni- 
versity of Illinois, 1933. 








“ee Wwe we “Ss 





tol 


231 


INTERNATIONAL FILTER CO. 





Gravity Filter and Zeolite Softening Plant 


INFILCO SERVICES 

International Filter Co. specializes in the design 
and manufacture of water purification equipment; 
hydraulic measurement and flow control apparatus ; 
chemical feeders and proportioning devices to meet 
municipal, institutional and industrial requirements. 
A complete laboratory and staff of engineers are main- 
tained to make unbiased reports and recommenda- 
tions. This service is intended to cooperate and not 
conflict with the work of any representative or engi- 
neer of the prospective purchaser. 


FILTRATION PLANT EQUIPMENT 


Infilco equipment is available in types and sizes to 
meet every requirement of a modern filter plant. 
Infilco-equipped plants centralize equipment respon- 
sibility and assure coordinated results. For the new 
plant—as well as rebuilding of old plants—Infilco 
offers : 





Aerators of all types. Automatic Control Equip- 
ment. Chemical Feeders—Dry and Solution Types. 
Lime Feeders and Slakers. Chemical Proportioners. 
Coagulators, Clarifiers and Settlers. Filter Operating 
and Control Tables. Filter Underdrain Systems. 
Flow Controllers, Indicators, Recorders and Propor- 
tioners. Gauges. Hydraulic Valve Controls. Iron 
and Manganese Removal Plants. Mixing Basin 
Equipment. Pipe Gallery Specialties. Recarbonating 
Plants. Sampling and Observation Tables. Taste and 
Odor Removal Plants. Venturi Tubes and Infilco 
Meters. Water Level Controllers, Etc. Whatever 
the requirement, you will find that Infilco Water 
Purification Equipment has maintained its leadership 
in design and quality—and has kept in step with mod- 
ern improvements. 


INFILCO PRESSURE FILTERS are available in 
either vertical or horizontal steel shell types and may 
be used singly or in a battery of two or more units 
to obtain the desired capacity. Sizes range from small 
units of as little as 40 G.P.H. to the horizontal units 
having capacities of thousands of gallons per hour. 
INFILCO GRAVITY FILTERS are manufactured 
in wood tank or steel tank types, in sizes from 4 feet 
in diameter. 


Water Purification, Hydraulic Control and 
Chemical Feed Equipment 


59 E. Van Buren St., CHICAGO, ILL. 


INFILCO WATER SOFTENERS 


INFILCO ZEOLITE SOFTENERS are built in 
both pressure and open types, in sizes to meet any 
capacity requirement. These softeners may be fur- 
nished with either of several types of high capacity 
manufactured zeolites or greensand zeolites, to as- 
sure economical and efficient softening of various 
types of waters. Controls are furnished for either 
manual, semi-automatic or full-automatic operation, 
as desired. 


INFILCO LIME-SODA SOFTENERS are made 
to meet any operating demand—or equipment is avail- 
able to modernize old softening plants. Uniformity 
of treatment guaranteed. Capacities from 75 gallons 
per hour to millions of gallons per day. These soften- 
ers may be arranged for any desired degree of auto- 
matic operation, pre-coagulation, post-recarbonation, 
etc., and utilizing wood, steel or concrete sedimenta- 
tion tanks or basins. 


AUTOMATIC OPERATION 


Although Infilco Filters and Zeolite Softeners may 
be furnished with no more than necessary essentials, 
these filters and softeners are equipped, if desired, 
for full-automatic operation, or any degree of refine- 
ment between these two extremes. Infilco ROBO- 
TROL Automatic Filter and Softener Operators, 
Hydraulic Valve Controls, Single Control Valves, 
Loss of Head and Capacity Alarms and Actuators, 
etc., are available to provide semi-automatic or auto- 
matic operation and may be installed to modernize, 
habilitate and. increase the efficiency of existing 
water filter and water softening plants. 


Infilco ROBOTROLS provide centralized and sim- 
plified automatic control and accurate timing for each 
operation in the complete series .of filter or softener 
operating functions. The ROBOTROL is a develop- 
ment in step with the modern trend which recognizes 
that a frequently performed series of mechanical op- 
erations is accomplished most efficiently when each 
operation is initiated automatically and. timed 
precisely. , 





Robotrol Operator 


Type D Dry Chemical Feeder 











232 


WATER WORKS AND SEWERAGE DATA 





The results show: 


1. That soap bills increase as the hardness of the water 
with which soap is used increases. 

2. That even with a relatively soft water, a considerable 
quantity of soap is required to remove dirt and grease. 

3. That by taking Superior as a basis for comparison, the 
annual per capita soap waste is: Bloomington, 2.9 lbs.; Cham- 
paign-Urbana, 10.7 lbs.; Chicago Heights, 16.6 Ibs. 

4. That this loss in Chicago Heights would amount to $15.00 
per year per family of four. 

From the results of this study an equation was formulated 
to show the degree of hardness necessary in any particular 
water supply in order that the economy in soap obtainable by 
the use of soft water would pay for the cost of softening. 


_ C—75D + 75F 


a — 





F—D 
X= hardness of water supply in p.p.m., the softening of 
which will be paid for in soap economy alone. 
75 = demonstrated attainable hardness of water in 
from municipal water softening plants. 
= soap waste per capita per year per p.p.m. hardness. 
C = capital overhead charges, including superintendence, per 
capita per year. 
D=cost of chemicals per capita per year per p.p.m. hard- 
ness. 


p.p.m., 


- Mr. Hudson states that if this equation is applied to data 
for Champaign-Urbana and the hardness of the raw water 
tested only 145 p.p.m. (it is actually 298 p.p.m.) a municipal 
water softener that would soften the water to 75 p.p.m. would 
save enough in soap for home use alone to pay for itself. 


Effect of Hard Water on 
Power and Heating Systems 


Heating hard water causes it to deposit scale in water pipes, 
heating coils, boiler tubes, and boiler shells. The heat loss due 
to scale, 1/50 to 1/9 inch thick, has been computed to be from 
7 to 16 per cent.” This means that with scale 1/9 inch thick, 
16 cents of every dollar paid for coal is lost. This is in addi- 


— 


tion to the trouble, cost of drainage, and time lost in getting rid 
of the scale. According to an estimate of the American Rail- 
way Engineering Association,’ the damage caused by one pound 
of scale is 13 cents. The Association further estimates that the 
improvement in operating and maintaining locomotives, due to 
water softening, amounts to a saving of from $4,000 to $9,009 
per locomotive per year. , 


Hard Water Stultifies Growth of Cities 


A study of ten Illinois cities shows’ that eight have com- 
paratively soft water supplies as judged by midwestern stand- 
ards, whereas the other two have supplies that are excessively 
hard. The two hard water cities will be designated as A and 
B. Both are situated in rich agricutural sections and are ad- 
vantageously located with respect to large markets. In spite 
of these advantages they have shown a very slow rate of 
growth. In 1880, A and B together had 26 per cent of the 
total population of the ten cities. In 1920 they together had 
only 13.7 per cent. 

Manufacturing industries which require soft water for their 
successful operation, in establishing plants select communities 
having satisfactory water, other things being equal. 

7Alvord, Burdick & Howson (Chicago), a private communication, 


Cost of Softened Water vs. 
Other Commodities 


“Cheap as dirt” is a common expression, but even expensively 
treated water is much cheaper! Two hundred and forty-one 
gallons of water equal one ton. Five cents a ton would be a 
little over 20 cents per 1,000 gallons, which is more than the 
average consumer pays for water in the larger and medium 
sized cities. A ton of dirt delivered would cost many times 
this amount. 

The cost per capita per year for various domestic services 
by a family of five in Columbus, Ohio, is shown in the chart 
on the preceding page. 





°‘U. S. Bureau of Mines, Tech. Paper 218. ’ 
*Bulletin, American Railway Engineering Association, Novem- 
ber, 1923. 
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Weighted Average Hardness, by States, of Water Furnished in 1932 by Public Supply Systems in Over 600 Cities in the United 
States (Reprinted from U. S. Geol. Survey Water Supply Paper—658) 
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FILTRATION EQUIPMENT CORPORATION 


Sales Office: 10 East 40th Street, New York, N. Y. 


PRODUCTS: THE AUTOMATIC MAGNETITE FILTER —CONKEY ROTARY VACUUM FILTER 
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THE AUTOMATIC MAGNETITE FILTER: 

The magnetite filter is an automatic mechanical 
cleaner strainer for effective removal of suspended 
solids from primary and secondary settled sewage 
effluents at reasonable cost. 





Magnetite Filters in Operation, Elmira, N. Y. 


The filter medium consists of a three-inch depth of 
magnetite iron ore screened to size and supported 
on a non-corrosive screen. A solenoid alternately 
magnetized and demagnetized washes the fine solids 
caught between the particles of ore by lifting and 
dropping a narrow strip of the filter layer. Wash 
water containing the impurities passes over into a 
separate compartment and is pumped back for re- 
treatment or other disposal. 


DESIGN FEATURES: 

Magnetite filters are now being designed for: 
(a) Upward or downward flow as an integral part 
of circular or rectangular primary or secondary set- 
tling tanks; (b) for installation in separate structures 
following primary or secondary sedimentation. The 
separate structures may be either circular or rectan- 
gular in shape. Fine or coarse grained magnetite 
may be used, depending on local requirements. 


INSTALLATIONS: 

The present automatic magnetite filter is the result 
of eight years’ development and full scale operation. 
Magnetite filter installations are now in operation to 
treat a total maximum effluent flow of over 400 m.g.d. 


APPLICATION: 

In Plain Sedimentation :— Magnetite filters reduce 
settling capacity and improve the effluent by 40%. 
Settling for 1.5 hours plus magnetite filtering removes 
70 to 75% of the suspended solids from raw sewage. 
Chlorine demand is 15 to 25% less for filtered than 
for unfiltered effluents. 

Chemical Treatment :—Magnetite filters reduce co- 
agulation and settling time, save 50% of the chem- 
icals required and improve the quality of effluent. 

Activated Sludge:—-Magnetite Filters reduce size 
of settling tanks, improve the effluent or save aera- 
tion tanks and power for compressing air. They act 
as a safeguard against irregularities in operation and 
as a polish on the final effluent. 

Trickling Filters——By installing a magnetite filter 
on preliminary settling tanks, it reduces their size 





and also reduces the physical suspended solids load 
applied to the trickling filters. On final humus tanks 
it reduces their size, strains out solids which fail to 
settle and polishes the final effluent. 

Filtering through Automatic Magnetite Filters re- 
sults in uniform effluents irrespective of variation in 
character of influent and helps to eliminate problem 
of secondary sludge depositions in receiving bodies 
of water. 

Putrescible solids are removed from the sewage 
effluents by the magnetite filter at lower costs per 
ton removal than by any other method in the same 
range of treatment. 





Vacuum Filter at Elmira, N. Y. 


CONKEY ROTARY VACUUM FILTERS: 


For dewatering of raw settled, chemically coagu- 
lated and activated sludges. 

Built of the most improved design and best of ma- 
terials for acid or alkaline conditions. 

Produces cake of 8 lb. dry solids per sq. ft. per 
hour with 1.5% ferric chloride and 8% lime and a 
resultant moisture content of 65%. 

Conkey vacuum filters now in operation or. under 
construction at sewage plants treating a total max- 
imum sewage flow of 800 m.g.d. 





TOTAL CAPACITY IN MILLION GALLONS DAILY. 
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WATER WORKS AND SEWERAGE DATA 





CONTROL OF ALGAE” 


By FRANK E. HALE, Ph.D. 
Dept. of Water Supply, New York City 


Knowledge of microscopic organisms and their control is one 
of the more important aspects of water supply practices. Chief 
amongst agents utilized in algae control is copper sulphate, its 
application to reservoirs being known as “coppering.” 

The simplest manner of application is to drag burlap bags, 
containing about 50 pounds each, through the water by means 
of rowboats, taking a zigzag course so as to triangulate the 
surface of the water. Wind, waves, diffusion and gravity admix 
the streaks of treated water with the remainder. Crude as this 
method is, it has been found very effective. But it is essential 
that the chemical be well distributed. 

[Recently there has been effectively used by the Los Angeles 
Water Department a mechanical broadcasting device on the rear 
of a launch. It distributes pulverized copper-sulphate over the 
water surface in a manner equivalent to that used in broadcast- 
ing fine grass seed. This method reaches shallow shore-line 
areas most effectively. See Jour. Review, Feby., 1936.] 

The reservoir should be partitioned into arms by land sights 
and the capacity, in million gallons for total depth, calculated 
for each area so that dosage may be correctly apportioned. In 
the case of organisms predominating in the upper water, dosage 
may be calculated on the upper 20-30 feet only. About 3,000 
pounds a day may be distributed by a single launch in favorable 
weather. 

Calculation of the volume of a body of water is not difficult. 
Two formulas should be kept in mind: 

One cubic foot contains 714 gallons. 

One gallon of water weighs 8%4 pounds. 
Estimate the area in square feet. Estimate the average depth in 
feet by soundings. Multiply the two for cubic feet. Multiply 
cubic feet by 7% to find gallons and express in million gallons. 
In the table of treatment which follows one column reads directly 
in pounds of copper sulphate per million gallons of water to 
apply for each genus of organisms. 

To calculate amount of copper sulphate needed from “Parts 
per million” column multiply million gallons by 8% to obtain 
million pounds of water. Multiply this figure by the amount 
shown in the column headed “Parts per million.” 


Two formulas are helpful to bear in mind: 

1 pound per million gallons = 0.12 part per million. 
1.0 part per million = 8% pounds per million gallons. 

Copper sulphate may be fed to an aqueduct by continuous dry- 
feed to destroy organisms feeding from one reservoir to another. 
The effective dosage is identical with that employed in open 
reservoirs by the launch method. 

Another frequently employed method of continuous feed of 
copper sulphate is by solution feed. On a small scale a wooden 
bucket may be suspended in the flowing water so arranged that 
its depth of submersion may be varied. A small hole in the 
bottom of the bucket admits the water. The bucket is filled with 
copper sulphate and a definite amount added once or twice a day 
and the depth of submersion regulated so as to dissolve the 
determined quantity each day. 

Three to four hundred pounds per day may be fed by the 
barrel arrangement shown. By this equipment the chemical is 
applied as a saturated solution and the application is very uniform. 
The barrel is kept constantly full of water from a supply con- 
trolled by a float valve with glass ball. From the bottom of 
the barrel, through rubber, glass and copper tubing, the solu- 
tion is discharged to the water at the most turbulent point. The 
flow is regulated by a pinch-cock. The barrel sets on a scale 
so that the weight of chemical delivered may be checked. The 
water consumed varies with temperature and other conditions 
from about 14% to 2% gallons per pound of chemical dissolved. 

Copper sulphate is very soluble in water. The following table 
may be useful in feed regulations at various water temperatures : 


SOLUBILITY OF COPPER SULPHATE 
Pounds of Copper Sulphate Crystals 
(CuS0O,.5H20) 


Temperature: ; 
“=. F. Per 100 lbs. solution. Per 100 ee weer 
5 126. 


0 32 19.5 6 
10 50 23.1 226.8 
20 68 26.9 269.4 
25 77 28.9 296.1 
30 86 31.3 326.1 
40 104 35.2 371.1 
50 122 39.1 433.7 
60 140 44.5 521.3 
80 176 55.5 717.2 


Spraying with strong copper sulphate solution is advantageous 
in some instances, ¢.g., in shallow bays and on floating masses 
of certain organisms. For this purpose a spray pump or equip- 
ment such as is used with insecticides for trees is available. [An 
alternate procedure is that used by Los Angeles to mechanically 
broadcast the pulverized sulphate previously mentioned.—Ed.] 


Walls of basins have been sprayed for growths such as 
Spirogyra, using a 5 per cent solution. 


Experience differs with waters of different composition, with 
temperature, and with amount of organisms present as to the 
right dosage to apply for each organism. About twice as much 
chemical is required in winter as in summer. It is a waste of 
chemical to apply an insufficient amount. If a smaller dosage 
fails, the entire larger dosage must be applied at one time. The 
water usually clears within three to four days when the correct 
quantity has been applied. [See Dosage Tables.] Weeds in general 
are not killed by copper sulphate. Sometimes fish are killed, but 
rarely in quantity. The following table indicates the suscepti- 
bility of fish to the chemical : 


LIMITING SAFE DOSAGE OF COPPER SULPHATE FOR FISH 
Pounds 


Fish Parts per million per million gallons 
oi wcgith's et aah hea ats ich qo re 0.14 1.2 
OE au picrwe car oewdecoee® “Gudea 0.33 2.8 
PERCE ECCT ETF 0.33 2.8 
PE oc. ce matitcwe vecaeakbeeseles 0.40 3.5 
NIN cia, oes od the en ioe ae eee eee 0.40 3.5 
CE EE bnciwendekncewsdaonnaces 0.50 4.2 
DEE tam eranadincmecedeenieeeee ee 0.67 5.5 
PE citnekcncrddanahermaneoneaas 1.35 11.1 
NOE scdciae sdeendnwensce 2.00 16.6 


Chlorine Treatment 


Chlorination is the most valuable adjunct to copper sulphate 
in control of microscopic organisms. In the first place it helps 
destroy the odors set free by the copper sulphate treatment. In 
the second place it destroys may genera, in several instances 
the very ones least affected by copper sulphate. 

The use of chlorine in increased dosage has slowly been 
extended not only to destroy organisms but also the distasteful 
oils. Experience to date indicates that with soft waters the 
following effects have been noted: 


EFFECTIVE CHLORINE DOSAGES 
Chlorine ppm. Effect 





Organisms . Ore. Taste 

Units per cc. Dose Residual destroyed destroyed 
Synura 1—25 ......... 0.3 .05-.10 Yes Yes 
Synura 50—100 ...... 0.5-0. .20 Yes Yes 
Se Ek dd 5-0,6.0-00% 0.7-0.9 .30 Yes Yes 
Uroglena 2,000 ........ 0.5 .10 Yes Yes 
Uroglena 6,000 ...... 0.5 .10 Yes No 
Dinobryon 500 ........ 0.5 .10 Yes Yes 
Asterionella 1,350 .... 0.7 .20 Yes (50%) No 
Aphanizomenon 1,500. 0.7-0.8 .20-.25 Yes (50%) No 


Prechlorination with high dosage, 1 ppm. and higher, is em- 
ployed now quite extensively in conjunction with filtration to 
destroy or prevent growth of microscopic organisms in sedimen- 
tation and reaction basins and lessen their interference with 
filtration. Longer filter runs are obtained in addition to lightening 
the bacterial load upon the filters. 

Miscellaneous Data. Cyclotella has been destroyed by dosage 
of 1 ppm. Crenothrix is another troublesome organism which is 
readily controlled by chlorine or chloramine in dosage of 0.5 
ppm. Chlorine in dosage of 0.33 ppm. has readily controlled or 
prevented formation of jelly masses or fungus slime in well 
supplies and in mains and prevented clogging of condensers. 

Crustacea, such as Cyclops and Daphnia, have been controlled 
on occasions. Daphnia, red variety, has been controlled with 1 
ppm. chlorine and Cyclops with 3 ppm. chlorine. 


The following table contains data brought up to date on 
dosages of copper sulphate and dosages of chlorine required for 
microscopic organisms, including also odors and tastes produced. 
It is based on published data and personal experience. 
~ *This material has been taken from the very useful booklet— 
“The Use of Copper Sulphate in Control of Microscopic Organ- 
isms’’—(1935 revision) published for free distribution by Nichols 
Copper Co., New York City. 





















OMEGA MACHINE COMPANY 


4010 Penn Ave., Kansas City, Mo. 


Exclusively Engaged in the Design and Manufacture of Machines 
For Metering and Feeding All Kinds of Dry and Liquid Materials 


GRAVIMETRIC FEEDER—BELT TYPE 


The particular ad- 
wee ., vantage of this type 








of feeder lies in its 





large feeding capacity 





and small space re- 
Note that it 
can be installed under 
a bin, the outlet of 
which is only 5 ft. 
above the floor on 
which the feeder is 
located, and in a floor 
space 48” x 36”. Ac- 
curacy within 2%. 
Mechanical _ recorder, 


quired. 
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not shown, may be furnished. Feeding capacity may be 
as low as 10 Ibs. per hour or as high as 5,000 Ibs. per hour. 

Gravimetric Feeders offer many advantages not ob- 
tainable with volumetric feeders. These feeders deliver 
material accurately at a pre-determined rate, regardless 
of density, and operate an alarm if there is any interrup- 


tion in the rate of feed. 


LIME SLAKERS 


The well-known Omega Jet Type Lime Slakers have 
proved their dependability and efficiency in approxi- 
mately a hundred installations. Omega Slakers are in- 
sulated and equipped with thermostatic water control. 
Efficient dust and vapor removal equipment allows 
operating temperatures up to 200° F. without outside 
vents. The impeller type agitator cannot become clogged 
by thick mixtures and the slaker design eliminates sub- 
merged bearings with their stuffing boxes and packing 
glands. High temperature slaking is accomplished easily. 


DISK FEEDERS 


Model No. 1 Disk Feeders are recommended for aver- 
age feeds up to 30 Ibs. per hour of carbon, lime, soda 
ash, bleaching clay, sodium aluminate, etc. Model No. 
1-A Disk Feeders are designed especially for feeding 
free-flowing materials, Such as alum or ferrous sulphate, 
at average rates up to 30 Ibs. per hour. Disk Feeders 
are not recommended for extremely large feeds or for 


use with extension hoppers. 


UNIVERSAL FEEDERS 


Omega Universal Feeders are built in three standard 
sizes, providing capacities suitable for handling from a 
few pounds to several carloads per day. Universal 
Feeders will handle any dry material—from lumps to fine 
powder—including such materials as crushed quicklime, 
hydrated lime, soda ash, sodium aluminate, alum, etc. 
Special mixing chambers can be furnished for dissolving 
Ferrisul. 

Universal Feeders can be mounted on scales, and are 
especially designed for use with extension hoppers or 
filling chutes. 


LABORATORY STIRRERS 


Omega Laboratory Stirrers, for making coagulation 
and flocculation tests, eliminate guesswork in plant opera- 
tion. The stirrers are made in 3, 4, 5 and 6 unit sizes. 
Paddle speeds are positive, regardless of the number of 
samples being stirred. Samples may be removed or re- 
placed while the machine is in operation. 







PRECISION FEEDER 


This is a very accurate 
decanting type of feeder 
for liquids, such as Hypo- 
chlorite, Ferric Chloride, 
Ammonium Sulphate, and 


similar solutions. 


The illustration shows 
a standard Omega Pre- 
cision Feeder with a 24- 
gallon tank and feeding 
range from 1 to 10 pints 
per hour. A larger size, 
with 48-gallon tank and 
feeding range from 1 to 
10 quarts per hour, is 
available. 

Special Precision Feed- 
ers are built with capaci- 
ties up to 100 gallons per hour or more. Tanks are steel, 
asphaltum or rubber-lined, depending upon the material 


to be fed. 
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Protozoa: 





Parts per 


Aromatic, geranium, fishy 


Chlorophyceae: 


Moldy, grassy 


EE ee ae 
Irish moss, salt marsh, 
fishy 
i ¢ a eae 0. 
Fishy, vile, (rusty 
brown color) 
Chlamydomonas ......... 0 
CEVMCOMRORRS co ccccseceves 0 
Candied violets 
eer 0. 
Aromatic, violets, fishy 
Endameba histolytica 
CCTMEE) 3 cccecenvevcsnecs 
DOD oa nveness ewe tiaees 0 


Organisms—Odor: million 
Diatomaceae: 
re 0.12*-0.20* 
Aromatic, geranium, fishy 
: ee 
‘ Faintly aromatic 
; ee 2 ee ee 
: Faintly aromatic 
; pg re 0.25 
DE: Ssaunasaaea eo 0.20* 
CN 65 oaeawedaeeewe® 
Aromatic 
/ dk alates awu 0.07 
; Nitschia§ ...cccccccvccees 0.50 
EEE, S tcoctcevwaee's 0.36*-0.50* 
Earthy 
Stephanodiscus .......... 0.33 
a a cee pakeoes 0.12*-0.50* 


CUNT | kccewtcvceces 0.50 

i ere rere 0.17 

aa 0.05-0.33 

 cctkesennew ence 0.25 

SE 6k6ccccnctensve, Oe 

Dictyospherium?{ ........ 
Grassy, nasturtium, fishy 

RUM MENEE 6 ccc cocesces 0.33 

CS errr errr 10.00 
Faintly fishy 

Entomophora .....-..ccee- 0.50 

EE oi bae 66-0080 a6 
Offensive 

Hydrodictyont .......... 0.10 
Very offensive 

I. ont i cacmenwoes 0.40 

ee 2.00 

POE accanewaracene. 10.00 
Faintly fishy 

PEGCOGOOONE 6 vcccsccwcdes 

er ee 1.00 

Scenedesmus ...ccccccece 1.00* 

ERT «=o ccacconeetdxs 0.12 

ee 1.50 

TI Lcvcarerviess 

PE cweceedsrcsciecns 0 .20* 

EE, euros ve be tlt wes 0.25 
Fishy 

Pe rrr ae 6.50 

Cyanophyceae: 

RD i ctiuekeweaa'ee 0.12* 
Moldy, grassy, vile 

Aphanizomenonft ........ 0.12-0.50* 
Moldy, grassy, vile 

CHREMPOCIEEN cvcccescuses 0.12*-0.25* 
Sweet grassy, vile 

Ceelospherium { .......... 0.20*-0.33 
Sweet grassy 

Cylindrospermum ....... 0.12 
Grassy 

I te et eae 0.20 

9 Scie wikes aban eed 0.20-0.50* 

a ere ere 


.50-1.0 
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CHEMICALS REQUIRED FOR CONTROL OF DIFFERENT 
GENERA 
Copper Sulphate? 


Pounds per 
mil. gals. 


Chlorine 


ppm. 


0.5*-1.0* 


1.0 


0.5*-1.0 


o 
~_ 
' 
— 
on 


— 
o S 


0.3*-1.0 


0.3*-1.0 


25.0-100.0 








ae .50* 4.2 
Fishy 
ee EP ECP Ce - 0.50 4.2 
Aromatic, violets, fishy 
PE. 5 hb vacncdouncs 0.50*-2.00 4.2-16.6 
Fishy, like clam-shells 
SS FOS = eas 0.12*-0.25 1.0-2.1 0.3*-1.9 
Cucumber, muskmelon, ; 
fishy, bitter taste 
SE. eticncanncineees 0.05*-0.20* 0.4-1.6 0.3*-1.9 
Fishy, oily, cod-liver . 
oil taste 
Crustacea: 
CEE Sdsiccvavceeews 1.0 -3.9 
IEEE EOE 2.00 16.6 1.0 -3.0 
Schizomycetes: 
Pee reer ee 5.00 41.5 
Very offensive decayed 
Ce =e .20 27 
CORRIENTES. ocoserecreces 0.33 -0.5* 2.8-4.2 0.5* 
Very offensive decayed, 
medicinal with chlorine 
rrr ar 
Sphaerotilis, natans7 .... 0.40 3.3 
Very offensive decayed 
SpiropnyeuMy 2 ..ccccvesee 0.25* 
ThiothrixTs ....ccecccccee 0.5*-1.0 
Fungus: 
I hac le Ce wil a aie 0.6* 
RE hic ean neree ee 0.40 3.3 
SAVTOlOSNIAT 2 .cccccccess 0.18 1.5 
Miscellaneous: 
ee 0.10 —0.50 0.8-4.2 
Nitelia flexilis? .....ccess 0.10 -0.18* 0.8-1.5 
Objectionable 
Potamogetonf ..........- 0.30 -0.80 2.5-6.7 
. | Ai ee eee 1.0* 
Blood worm, chironomus 15 .0-50.0 
Blood worm, gnats ..... 3.0 


The organisms where odors are expressed have been in suffi- 
cient quantity at one time or another to cause the characteristic 
odor. 

1The quality of water (hard or soft) and temperature has a 
decided influence on the requisite copper dosage. The harder 
the water, and the colder, the higher the dosage required. To 
under-treat is a waste of chemical and further—the whole dosage 
must be applied at one operation. 

*Dosage successful in New York City’s supplies. 

+#These organisms have caused trouble other than odor. 

tThese organisms have been affected by chlorine producing 
characteristic odor and in many cases controlled by dosage rang- 
ing from 0.3 to 3 ppm., depending largely on amount of organ- 
isms. 

§Controlled by 
diatoms (48 hrs.). 


excess caustic lime, 5 ppm., in the case of 




























Los Angeles’ Improved Dry-Feed Coppering Machines Used in 
Algate Control, Surface Application Have Proved More Econom- 
ical and Effective. All Shallow Areas Are Reached Easily 







































tie 


er 
'o 
e 





230 Park Ave.. 
New York City 


INDUSTRIAL CHEMICAL SALES 


DIVISION, WEST VIRGINIA PULP AND PAPER COMPANY 


205 W. Wacker Drive, 
Chicago, Ill. 


417 Schofield Bldg., 
Cleveland, Ohio 


PRODUCTS—"” Aqua Nuchar,” Activated Carbon 
ecm eh LTE A TR LT aE AS SET aE ea a eT PETTITT, 
REFLECTIONS IN RETROSPECT 


T SEEMS but a very short while ago since George 
| R. Spalding demonstrated at Hackensack, New Jersey, 
the effectiveness of powdered activated carbon in the 
treatment of water for taste and odor removal. Previ- 
ously, attempts had been made to introduce the product 
in granular form but indications of high equipment cost 
and uncertainty of results had made water operators 
somewhat skeptical of this new medium as a dependable 
and economical purification tool. 

Literally, much water has gone over many dams since 
that time—six or seven years ago, and the doubts and 
fears then felt have been entirely dissipated. So great 
has been the progress in the adoption and use of pow- 
dered activated carbon as a positive means to control 
tastes and odors in drinking water, that in the neighbor- 
hood of 1,000 plants—municipally and privately owned 
—in this Country alone have proven its benefits in this 
respect and its use is fast spreading throughout the 
world; a testimonial to the initiative and enterprise of 
those responsible for the operating of American water 
plants. 

Today, there is such faith and confidence in activated 
carbon as a means of eliminating tastes and odors, that 
its use can be safely looked upon as a standard purifica- 
tion practice and no other method of water purification 
has achieved such a position in so short a time; surely 
concrete evidence of the merit of the product for such 
purpose. 

In retrospect, one can go back to the questions of doubt 
that were raised; such as, powdered carbon would not be 
removed in the sand filters; it might decrease the filter 
runs, also accelerating mud ball formation. It was fur- 
ther questioned whether powdered carbon would remove 
tastes and odors of a serious nature, or, if it did, the 
treatment would be too costly. Wide experience in oper- 
ating hundreds of water plants had proven to the con- 
trary, and it has been demonstrated conclusively that 
there is no taste and odor condition which cannot be cor- 
rected when an adequate quantity of Aqua Nuchar is 
used. 

Trouble with the control of taste and odor is one of the 
biggest worries of the water plant officials because such 
a condition reaches and registers in every home in the 
community. Naturally, the cost of furnishing a uniformly 
palatable water at all times must be considered. In the 
case of unusual taste and odor epidemics, quantities up to 
300 lbs. of Aqua Nuchar per million gallons have been 


used but such conditions rarely occur, and during a period 
of twelve months the cost per million gallons is negligible. 
Taking the average case, an official study of over one hun- 
dred water plants shows the average quantity reported 
was approximately 16 lbs. per million gallons; and even 
if this average was doubled, obviously it would be a very 
small amount to pay for water that satisfies. 

As the use of powdered activated carbon became wider, 
some further benefits from the treatment developed. For 
example, the application of the carbon along with the 
alum in the mixing chamber has resulted in a better floc 
formation and, in some cases, to such an extent that the 
amount of coagulant has been reduced. Further, it has 
been convincingly proven that the sludge in the sedimen- 
tation basin is stabilized by inhibiting decomposition, 
preventing gas formation and the incidental scum. In 
certain plants where the supply of raw water is badly 
contaminated, necessitating super-chlorination, it has en- 
abled the operators to get rid of the objectionable chlo- 
rine taste by reason of the carbon acting as a dechlori- 
nator, so that these operators can not only supply an 
absolutely safe water but also a palatable one, thus get- 
ting rid of a lot of complaints. 

Today, activated carbon is the cheapest form of insur- 
ance that a water plant can take out to protect the pal- 
atability of its supply under all and any conditions. Nec- 
essarily, such conditions vary considerably throughout the 
Country and where epidemics occur—as they sometimes 
do—the cost of the carbon may seem high during this 
temporary situation. It is calculated on the basis of 20 lbs. 
of carbon per million gallons of water used each day in 
the year based on a per capita consumption of 100 gal- 
lons daily, it would make the cost to each individual 
within the community only slightly over 3c per year. To 
those plants that are subject at certain seasons to severe 
epidemic conditions, we recommend the use of a small 
quantity of Aqua Nuchar every day, depending upon in- 
dividual circumstances, as being more economical because 
when the carbon is well distributed throughout the plant 
as the severe tastes and odors arise, the condition will not 
reach a point where excessive dosages are needed. Such 
a procedure will provide maximum insurance of palata- 
ble water without increasing the total premium paid. 


SALES MANAGER 
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TASTE AND ODOR CONTROL PRACTICES 
By F. E. STUART 


Activated Alum Corporation 


Taste and odor control is now second only to the production 
of a safe water. The cost has been studied carefully and has 
been weighed against its importance as a routine treatment. 

Now that the economics of taste and odor control by applying 
large dosages of powdered activated carbon have been compared 
with the economics of closely controlled coagulation, involving 
carbon adsorption, a new flow scheme is becoming apparent. A 
combination of these two methods of treatment appears to be 
the most overall efficient and economical. 

A short review is necessary to bring up to date the work that 
has been done on carbon by observers in the field. Further, to 
point out why this new type taste and odor control flow scheme 
is the most practical. 

When alum is added to water and coagulation is produced, a 
large percentage of taste producing elements in the raw-water 
is precipitated in the settling basins. This is common practice 
and the effectiveneness coagulation is taken for granted. 

Previous to the introduction of activated carbon, these precipi- 
tated impurities underwent decay and generated gases and 
liquids of decomposition, which contaminated the newly coagu- 
lated water passing through the basins. Putrefying and liquefy- 
ing sludge in the settling basins is a more common cause of 
tastes and odors than generally realized. A high chlorine de- 
mand in the filtered water and of tastes in dead ends are created 
by the same phenomena. This is not difficult to appreciate when 
one remembers how badly the basins smelled when they were 
last cleaned. 


Carbon in the Coagulation Stage 


At Daytona Beach, Fla., Superintendent Tippins in 1931 found 
that carbon used in the coagulation process would inhibit bac- 
terial activity in the settled sludge—resulting in odorless sludge 
and odorless filtered water. These findings were later con- 
firmed by Furman at Toledo, Ohio, and Fitzgerald at Norfolk, 
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Va. This effect of carbon on coagulated sludge has become 
known as “Stabilization of Sludge.” 

Because of the good results obtained, other observers added 
carbon to the mixing chamber in dosages sufficient to remove the 
tastes and odors present,—dosages between 18 and 32 pounds 
per million being the most common. 

Middlestadt in Sacramento, Cal., about this same time made a 
careful study of the amount of carbon needed to stabilize sludge 
and found this dosage to be very small—from 2 to 4 pounds per 
million gallons. In a recent survey 54 per cent of the plants 
now using carbon for taste and odor control have been adding 
small dosages of carbon to the mixing chamber to stabilize sludge 
and condition the filter sand. 


Split Dosage 


Later work showed a further reduction in the cost of carbon 
treatment by utilizing a split treatment; adding half of the total 
carbon dosage to the mixing chamber and half to the water 
flowing to the filters. More complete taste control has been 
accomplished thereby. 


Comparing the results between large desages of carbon added 
continuously to the water flowing to the filters, large dosages 
added to the mixing chamber and split treatment the last proved 
to be the most economical. This brought about the latest change 
in treatment practice—adding the total amount of carbon to each 
filter after washing (about 4 to 6 pounds per million gallon filter 
area) and the addition of sufficient carbon to stabilize sludge and 
condition the filter sand, along with the alum dosage. A con- 
venient method of doing the latter is to utilize the ready pre- 
pared activated alum which contains the required quantity of 
powdered carbon. 

The floc produced by activated alum is more easily controlled 
than ordinary alum, because of the millions of tiny activated car- 
bon particles which assist in the formation of the floc. A stable 
sludge will result and stable filter sand also, because the carbon 
particles are distributed throughout the floc. The floc does not 
break down as easily as ordinary alum floc and it has been found 
that less residual alumina is present in filtered wz ter when acti- 
vated alum is used. 


Filter Dosing 


Individual observers, led by Smith at Richmond, Va., showed 
reason why carbon should be added in one “Shot” dosage to the 
filter after washing instead of adding carbon continuously to the 
water flowing to the filter. 

The common basic reasoning for such applications is that with 
carbon added continuously to the water flowing to the filters (we 
will say 12 pounds per million gallons), there is more carbon 
on the filter when it is taken out of service for washing than at 
any other time. Likewise, there is insufficient carbon on the 
filter for the first few hours of service, unless higher dosages 
than actually needed are applied. By estimating the amount of 
carbon actually needed for each run the dosage if added all at 
one time, produces a big saving in carbon. Average dosage of 4 
to 6 pounds, per million gallons of filter area, seems to meet re- 
quirements between filter washings. 

The following typical new type flow scheme for taste and odor 
control is used by Mills of the Southern Pines, N. C., Water 
Department : 


Treatment Pounds per Million Gals. 
BI ol a's aries i iar er diGsamieie Ba a ata 4.5 —- 6.5 
ly I oon aa ci chien aw iemaeMame ns 32 
Black-Alum (Activated Alum), average... 140 oo 175 
MOTTE COED oo Kee cdccceivccstvciences 6* 

Owe Ceeee ee, DOGIEED onic dccedvcacccnss 2 -- 2.5 
Pe ee SE braised cececedenaaewns 112 oo 128 


This review points out why taste and odor control can be ob- 
tained more economically by means of good coagulation and car- 


*Added to each filter following the wash. 
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Fiow Scheme of Water Department, Southern Pines, N. C. 
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Activated Alum Lorp. 








Office: 


80 BROAD STREET 
NEW YORK, N. Y. 














‘*‘The House of Coagulation’’ 


Manufacturers of Water and Sewage 
Treatment Chemicals 





Works: 


CURTIS BAY 
BALTIMORE, MARYLAND 











PRODUCTS: 
Alum, Activated Alum, Activated Carbon, Ferric Sulphate of Alumina 





BLACKALUM 
Activated Sulphate of Alumina 


Our activated alum is compounded with a 
specially prepared activated carbon for “Taste 
and Odor Control.” 


Is guaranteed to produce ‘Better Tasting 
Drinking Water’ than any other coagulant— 
and at Less Cost! 


Developed by “Water Works Men for Water 
Works Use’’—write for list of users. 


“Lengthens Filter Runs” 

"Stabilizes Sludge’”’ 

“Sweetens Filter Sand” 

“Reduces Chlorine Demand” 

“Eliminates Chlorine Tastes’’ by dechlorinating high pre- 
chlorination residuals 

"Reduces 20 degree Bacteria Count” by inhibiting bac- 
terial activity in sludge and filter sand 


“Eliminates Dead End Tastes” by adsorbing end products 
of decomposition in pretreatment 


“Removes Tastes and Odors” by the millions of powdered 
activated carbon particles present during coagulation 
and filtration—When additional carbon is required for 
severe tastes it is added directly to each filter after 
washing ._ Ba), 


COAG 
Ferric Sulphate of Alumina 


A new product developed to coagulate under 
a wide range of conditions—especially recom- 
mended for waters difficult to treat and for 
chemical treatment of sewage. 

Is guaranteed to coagulate in highly buffered 
solutions producing clarification without critical 
control supervision. 

“The Most Flexible of the coagulants offered 
for sewage treatment.” 

“The Most Efficient of Regular coagulants.” 

The Most Economical because it has been 
produced for ‘Both Water and Sewage” and 
can be used in any type plant. 

“The Most Practigal because it is Foolproof,”’ 
with respect to ease of feeding and control— 
No Fuss, No Bother, Readily Soluble, Not 
Hygroscopic or Dangerous. 


STANDARD ALUM 
Commercial Aluminum Sulphate 


Regular aluminum sulphate of the same 
specifications as ordinarily used in water treat- 
ment and paper making. Produced in a new 
plant—With New Machinery—New Manufac- 
turing Methods—New Cost Figures. 

Activated Alum Corporation will appreciate 
the opportunity of bidding on your coagulation 
requirements. 

This traveling laboratory is Activated Alum’'s 
method of developing the best coagulants pos- 
sible—By Actual Field Tests. 





It is your assurance that the coagulants will 
perform at your plant like the manufacturer 
wants them to. 


The most traveled Water Works and Sewer- | 


age Treatment Laboratory in the World—De- 
signed and introduced by Activated Alum 


Corp. 


FILTERSEED 


Activated Carbon for Taste 
and Odor Control 


The first thought in activated carbon for 
"seeding filters’’"—will not pass thru filter sand 
—Developed by the men who are responsible 
for Blackalum—a specially prepared powdered 
activated carbon of physical characteristics for 
high rates of filtration. 


Write for samples and technical 
information. 
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bon added to each filter immediately after washing—than high 
dosages of carbon at any one point in the treatment. 

Carbon is now regarded as a routine treatment—to improve 
coagulation and remove tastes. 

Carbon in the pretreatment through activated alum and the 
addition of 4 to 6 pounds of carbon per million gallon of filter 
capacity (added all at one time to the filter after washing) is 
now considered the most efficient and economical method. (See 
flow scheme). 

For serious taste and odor epidemics which are only tem- 
porary, large dosages of carbon are necessary and should be 
applied as a split treatment. 


Ammoniation 


Suggested by Enslow and probably first introduced by Jordan 
at Indianapolis, Indiana, later adapted in many plants including 
Easton, Pa.; Trenton, N. J., and Fort Pierce, Fla., etc., the trend 
in ammonia application during the past year has been in con- 
nection with its use after filtration; it being added after the post- 
chlorine dosage. 

This seems to be the most economical method of application 
because the dosage of ammonia used is that to combine with 
only the existing free chlorine. 

Users of ammonia continue to favor anhydrous ammonia in 
cylinders because of ease of application and accuracy of control. 

It is well known that ammonia, unless used in the proper con- 
centration in the pretreatment, will in many instances increase 
algae growths along the sides of the settling basins. This in- 
crease in algae growth is controlled, however, if high dosages 
of ammonia and chlorine are used. These high dosages are 





uneconomical, and, therefore, prechlorination alone j 
adopted as the most economical practice; adding th 
after filtration. 


S generally 
€ ammonia 


Chlorination 


The benefits of such a versatile product as chlorine cannot be 
outlined in more than a general way. Chlorine in the pre- 
treatment is becoming more generally used, because prechlorina- 
tion has several advantages in routine plant operation. Aj} 
plants should have duplicate chlorinators for post-treatment and 
provisions for prechlorination. 

Experiences of the writer have been that high residuals in pre- 
chlorination are not advisable at any time. High prechlorina- 
tion residuals hinder taste and odor control. 

High prechlorination residuals are not necessary to improve 
coagulation or lengthen filter runs. Experiences of Fitzgerald at 
Norfolk, Va., show that the typical “water flea’ can be stunned 
with prechlorination, without a residual reaching the filters. Pre- 
chlorination at the rate of 8 pounds per million gallons was just 
as effective as 30 pounds. The chlorination did not “kill,” but 
“stunned” them to such an extent that the alum floc would pre- 
cipitate them and then the filter runs lengthened out. 

Many other experiences with chlorine in the pretreatnient con- 
firm the writer’s opinion that it is a most useful tool to improve 
general plant operation, but should not be used in concentrations 
to produce high residuals in applied water. Especially is this 
true when dealing with algae tastes. 

Acknowledgment: This article has been drawn largely from 
a paper read by the author before the Kentucky-Tennessee Sec- 
tion of A.W.W.A., March, 1936. 




























Water works men may find the following formulas interest- 
ing and helpful in figuring lengths of pipe and tie rods on in- 
clined diagonal runs. 

The formulas are also useful in finding the approximate angle 
of fitting, theta (@), required (when bell and spigot pipe and 
fittings are used) when the dimensions in three planes have 
been decided upon. 

The evolution of the formulas (see illustration) are also 
given in case the principle of revolution to a vertical plane may 
have further advantages in similar problems. 

The subtraction of the center to end of spigot and center to 
back of bell taken from D gives the true length of pipe re- 
quired. 


Sketch Explanatory of Formulas for Lengths of Pipe for Diagonal 
Runs and Angle of Fittings 


A.—When measurements in three planes are known, then 


D= VA?+ B+ C ; Formula I 
V A’*+ B’ 
L.. (0) "* = Formula II 
C 


Example: Let A= 5’6”’, B= 3’0’, C= 14’” 
Find (@) and length of pipe required on 8” line. 


D = V (5.5)?+ (3)?+ (1475)? 


= V 30.25 + 9 + 217.56 = 16.025’ say 16'0” 
Vv ) 





(5.5)? + (3)? Vv 30.2549 
3 (@) —tan -- — 
14.75 14.75 
V 39.25 6.265 











= 0.42474 





14.75 14.75 
L (6) = 23° + and a one-sixteenth curve may be used. 
Length of pipe = D — (C to E of S. + C to B of B.) 
== 16’0” — (2'1"+-) = i3’11"— 














Inclined Diagonal Pipe Runs—Calculating Pipe Lengths 
By CHARLES FRICK 
Darby, Pa. 


B.—When measurements in two planes are known and angle 
of fitting (@) decided upon, then 


D = VA?+4 B’x Csc (0) Formula III 
C = VA’*+ B’ x Cot (0) Formula IV 


Example: Let A = 8'0”, B = 9’6”, (6) = 45° 
Find—C and length of pipe required on 12” line. 
D= V (8)? + (9.5)? & Csc 45° 
= V 64+4 90.25 x 1.4142 
= 17.56’ = 17'634” 
1 of pipe = D — (C to E of S. + C to B of B.) 
= 17'63%4” — (2'1%") = 15'4H" 


Lengt 





C = Vv (8)* + (9.5)* x Cot 45° 
= V64= 90.25 x 1 
= 12.42 « 1 = 12.42’ = 12’5” 
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Sketch Explanatory of Formulas for Lengths of Pipe 
for Diagonal Runs and Angle of Fittings 
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ma) FELLIGE @ 


INCORPORATED 
3718 NORTHERN BLVD., LONG ISLAND CITY, N.Y. 


- LLIG APPARATUS 
and EQUIPMENT 
FOR THE ANALYSIS OF 


AT E SEWAGE and 


INDUSTRIAL WASTES 


Hellige comparators are equipped with solid glass color standards 
which are available for more than 30 pH indicators, chlorine determina- 
tion, and all popular water tests. These standards are non-fading, and 
therefore permanently reliable. In using glass standards, there is no 
doubt about whether they are “still good”; there is NO GUESSWORK. 
Hellige glass color standards never fade or change, never fail. They 
are the only standards which carry a guarantee of accuracy for not 
merely one or five years, but FOR A LIFETIME. They are economical: 
bought once, they serve for practically an unlimited period, and thus quickly 
HELLIGE POCKET COMPARATOR pay for themselves by the saving in time, chemicals, replacement cost, and 

other expenses encountered in the use of liquid standards. Glass standards 

(Size of complete apparatus ready for use, occupy a minimum of space, are the lightest in weight, and the easiest 
only 334 x 3% x 1¥2”.) to manipulate. They are the standards on which you can depend— 
ALWAYS. More than 700,000 Hellige glass color standards have been 
sold for control methods in the most diversified fields, throughout the 
world. 

The comparators with which the glass standards are used are unique 
in design and offer more conveniences than any other similar testing 
outfit. The durability has been greatly increased by making the housings 
of Textolite, a corrosion-resistant molded plastic, manufactured and 
molded by General Electric Company. As this material is neither af- 
fected by acids and alkalis nor by laboratory fumes, the comparators will 
last indefinitely, and will always retain their fine appearance. 


















HELLIGE GLASS ELECTRODE pH-METER 


The first low priced instrument which measures hydrogen ion concentration and 
reads directly in pH units with all types of electrode systems, and especially glass 
electrodes, over the complete range of 0 to 14 pH ... extremely simple to use... 
attractively priced. 

The ideal apparatus for pH tests of water and sewage. 





Be sure to write for detailed information. HELLIGE TURBIDIMETER 
We also supply inexpensive potentiometer models, bacteria counting The apparatus eliminates the 
apparatus, Hellige all-glass Sedgwick-Rafter counting cells and acces- preparation and use of standard so- 
sories, Petri and culture dishes, micrometer dises, indicators, and nS ae ae 

’ . 9 ° duces results of highest accuracy, 


reagents. reads all turbidities down to zero. 
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METERING: PRACTICAL METHODS OF PROCEDURE* 
By E. H. RUEHLT 


“To meter or not to meter?” That is the question. 

Those who have gone through the problem of making initial 
installation of water meters know what significance these few 
words can have and what discussions can be caused thereby. 

However, metered water service is being acknowledged more 
and more as being the best all-round method of distributing the 
indispensable commodity, water. This is especially true since the 
unprecedented drought of 1930, and I am sure that if more com- 
munities were metered at that time the effects of the drought 
would have been less severe due to the lessened wastage of water. 


Why Services Should Be Metered 


There are many good reasons why water services should be 
metered, a few of which are: 

1. It is the fairest way of selling water, as all customers pay 
in proportion to their respective consumptions. 

2. The water department or company has a pretty good check 
on the amount of water sold and by comparison with readings 
of a master meter can better establish losses and leakage and 
thereby reduce waste in the system in general. 

3. Leaks in consumers’ service lines can better be located. 


4. Knowledge of the various water consumptions is essential 
in establishing equitable water rates, and the only way in which 
this information can be obtained and analyzed is by metering of 
all services. 

In some cases, especially in the municipally owned plants, 
there are certain institutions, such as schools, hospitals and the 
like, that are supplied with water without charge, and these 
should be metered and read regularly to get the full benefits of 
100 per cent metering. 

And here let me digress a little to state that the words 
municipally owned are generally a misnomer, as in the majority 
of cases the municipality has a large obligation in the form of 
outstanding bonds, and the only part that is really municipally 
owned is the amount covered by bonds purchased back, or some 
stich similar item. This is mentioned here because in the munici- 
pally operated plants we are so often confronted with the state- 
ment that the people own the plant and for this reason they 
should have all the water wanted for some flat rate that is 
nowhere commensurate with the cost of producing the water, the 
fixed charges being lost sight of entirely.) 

5. It has been proven that as meters are installed that con- 
sumers’ wastes have been reduced and this in turn effects econo- 
mies in the amount of power required to pump, if it be a pumping 
plant, and in treatment costs, which are getting higher and 
higher every day. 

6. As the water requirements of the city are kept within 
bounds and more or less controlled, the size of the treating and 
pumping plants and storage and distribution systems are kept to 
a minimum, thereby keeping capital investment to a minimum, 
as well as the necessary interest and sinking fund charges, which 
all result in keeping of the water rates at the lowest possible 
figure. 

7. As the time will most likely come when sewage treatment 
will become necessary in a good many places, the lowering of 
the water losses and wastes will redound to the town’s advan- 
tage in requiring a plant of smaller capacity than would be neces- 
sary if water usage and wastage were uncontrolled. Likewise, 
sewage pumping costs will be less. 

With all these reasons in favor of metering, the only ones 
against it are generally found to be caused by the selfish motives 
wherein certain customers may want to use unlimited quantities 
of water without paying a just price therefor. This can be over- 
come in a great many cases by explanation, and, in spite of the 
fact that many may be adamant at first, good results are usually 
obtained. 

Another argument against metering is sometimes set forth in 
that it is claimed that sanitary conditions will not be maintained 
if water usage be curtailed due to the installation of meters, 
but it has been shown that for all purposes about 25 gallons per 
capita per day is all that is absolutely necessary. Under any 
ordinary rate the cost for this requirement for the average family 
for an entire month would be modest, in most cases less than the 
cost of one filling of the gasoline tank of the automobile. 

It can therefore be seen that metering is beneficial to both the 


municipal plant or privately owned company as well as to the 
consumer, since it contributes a means of compiling equitable 
rates and keeping bills to a minimum. 


Ownership and Location of Meters 


Since the type of meter and location of meter setting is 
governed to some extent by geographical location and local con- 
ditions, the remarks that are to follow must of necessity be 
confined more or less to a particular section and will apply to 
Virginia. 

The ownership and location of the water meter are two syb- 
jects on which divergence of opinion exists. In the writer's 
opinion, the meter should be owned by the water department 
or company (being charged to capital account) and ali main- 
tenance should be done by the owners and charged to operating 
costs. In Virginia the meter. setting just inside the curb line 
offers so many advantages over other locations that these readily 
outweigh any disadvantage in the nature of a small additiona! 
installation cost, should this be the case. In a good many houses 
in this section of the country there are no basements in which to 
locate a meter. 


Advantages of Outside Setting 


The advantages of such outside setting, located in the sidewalk 
space, are in general as follows: 

1. Meter reading is greatly facilitated due to the fact that the 
reader never needs to wait for a response from the householder 
on knocking, and should the party be absent it would necessitate 
making another trip to get the meter reading if the meter were 
located inside the house. The distance the meter readers have to 
walk is lessened when outside settings are used, and this in turn 
permits more meters to be read per day. 

2. The meter is always accessible to water department em- 
ployees for reading, inspecting, testing and repairing. 

3. The danger of the meter readers and other water depart- 
ment employees from attacks from vicious dogs is eliminated. 

4. The chance of unauthorized persons entering the house in 
the guise of water works employees is greatly eliminated. 

5. Chance of the meter being covered by rubbish, coal, kindling 
wood, etc., is done away with when the outside setting is used. 

6. More accurate readings can be procured when outside set- 
tings are used because of better lighting outside than generally 
exists in basements, under porches or other places where meters 
might be set. 

7. The line of separation between the water department and 
property owners’ liability is clearly defined and there is not much 
chance of unauthorized connections being made behind the meter. 

8. In case of necessity of cutting off the water for non-payment 
of bills there can be no dispute as to entering the premises if the 
meter and control are located at the curb line. 

9. The outside setting should be in a locked box and, as it is 
below the ground, is not so apt to be tampered with as would a 
setting in a more conspicuous place not protected by a box. 

10. Less danger of damage to the meter by hot water exists if 
set at the curb. 

11. Danger from freezing is practically eliminated in a well 
set meter, and in case of fire in the building supplied the meter 
is not in danger of being destroyed. 

In view of all these reasons the writer is of the opinion that 
the entire meter setting, including the necessary cut-off valve, 
should be located in the sidewalk space behind the curb line, 
and that the water department’s or company’s maintenance and 
obligations should stop at the customers’ side of the meter. 


Type of Setting 


The following remarks apply to the smaller size meter up to 
l-inch, and when larger sizes than this are used the condition 
must be studied separately and settings made to suit. 

It is realized that a properly set meter, although not always 
the cheapest, will receive more attention in general from the 
water works operatives and in turn pay higher returns to the 
department. 

It is a good plan to set the meter in a yoke with at least a 
control valve at the inlet side, although some prefer valves at 


*From WatTER WoRKS AND SEWERAGE. 
+Field consultant, Virginia League of Municipalities. 
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Dorr Clarifier 


PRE-TREATMENT SERVICE 


The Dorr Company’s function in modern waterworks practice is the pre- 
treatment of the turbid or hard raw water prior to final treatment. Three 
Dorr steps—mixing, flocculation and sedimentation—taken in sequence pay 
for themselves through reduced chemical consumption. The resulting 
treated water settles and filters more rapidly and yields a final filtered 
water of definitely improved qualities. 


MIXING... 


First comes mixing, in a Dorrco Flash Mixer. Coagulating 
or softening chemicals are introduced directly below the throat 
of a high speed impeller that rapidly and completely diffuses 
the chemicals throughout the incoming raw water. 


FLOCCULATION... 


Next comes floc formation in a Dorrco Flocculator. Chem- 
ically-dosed water is given a series of gentle “barrel rolls,” 
causing flocs to sweep through the water, impinge on and en- 
trap light suspended particles and finally grow to large dense 
structures of improved settling and filtering qualities. 


Chemical savings range between 20 and 30 per cent, generally 
repaying the installed cost in one to three years. 


SEDIMENTATION... 


Finally, comes sedimentation in a Dorr 
Clarifiér. Flocs settle continuously and are 
removed mechanically at maximum solid con- 
tent. Clarified water overflows continuously 
across a peripheral weir and is ideally condi- 
tioned for filtration. 


Write for our new bulletins “Floccula- 
tion & Mixing” and “Modern Municipal 
Sanitation.” 
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both the inlet and outlet sides. This does away with the customary 
curb stop and box. 

_ The meter in its yoke, and with the control valve, should be set 
in an earthenware, concrete or iron box with sufficient clearance 
between the risers, if they be used, that the cold ground outside 
cannot cause the water in the pipes or meter to freeze. A type 
of box that has proven very satisfactory in our section of the 
country is one 18 inches in diameter and 24 inches deep, with 
side slots at the lower end to accommodate the varying depths of 
the service pipe. The latter, we feel, should be about 24 inches 
below the ground. 

It is important that a lid be provided that fits the top of the box 
tightly, preferably being locked on with some kind of a locking de- 
vice. If the lid is fastened on there will be no circulation of air in the 
box and consequently less danger from freezing. Another advan- 
tage is that if the lid is kept on tightly there is less danger of 
persons tampering with the meter or of pedestrians catching their 
feet in the hole, with a possible damage suit resulting. 

It is also very important that the bottom of the box extend 
below the maximum frost line so that the warm air from below 
can rise up around the meter and risers and keep the atmosphere 
in the box above freezing. In extreme cases it has been found 
that a smaller tile pipe about 8 inches in diameter put vertically 
into the ground below the bottom of the regular box (to reach 
warmer levels) overcame freezing troubles by admitting warmth 
from below. 


Meter Reading 


In the writer’s opinion, meters should be read monthly, if this 
is possible, as by so doing a closer touch is kept on losses and 
wastes, and due to the visiting of each meter every thirty days 
the stopped meter and other irregularities can be more effectively 
dealt with. In case a customer has a leak he can be notified within 
a reasonable time if the meters are read monthly, but if they are 
read, say, quarterly, the amount of leakage passed will more 
likely be an appreciable amount and cause some disagreeableness 
when an attempt is made to collect the bill. 


Experiences at Bluefield, Virginia* 


If you will pardon personal experiences, it may be of some 
interest to tell how the town of Bluefield recently attacked the 
problem of setting 700 meters at the rate of something like 100 
per week. This was carried on as follows: 

A work sketch was first made up and the various kinds of 
equipment decided on. After the meters, yokes, boxes and covers 
were ordered out, some figures were made up giving the length 
of pipe to be cut from the service to allow for elbows, yoke, 
valve, etc., and the vertical distance that cover, meter, yoke and 
fittings required was figured and each made into a constant. 

Actual installation started with several men digging holes, 
located from the curb boxes wherever possible, in a certain 
well defined section so that one foreman could keep all things 
going. Two men, both of whom had some previous pipe fitting 
experience, were formed into a “gang” and given instructions 
how to set the meters, and they then worked together for about 
a day. These men then were given a helper each and two setting 
“gangs” were formed and these two helpers were in turn given 
helpers and four setting “gangs” were formed in a few days. 
The work was carried through, with as many men as were neces- 
sary to prepare the holes ahead of them. 


Tools Required 


Each of these setting gangs of two men each was furnished 
with a ratchet die holder and one-half and three-quarter inch 
dies, a hack saw, two 10-inch Stillson wrenches, a pipe vise 
attached to a four-legged board, a home-made wooden straight- 
edge, and a pair of hip boots. The men provided their own rules. 
The meters, yokes, boxes, covers, pipe, etc., were supplied to the 

*When this article was written the author was City Manager 
of Bluefield, Va.—Ed. 
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location by a Ford truck. Galvanized nipples of various lengths 
were purchased and used wherever possible, as they could be pur- 


chased cheaper than we could buy, cut and thread the pipe. 


When the hole was opened down to the service pipe the meter. 
setting gang (two men) came along and the first thing they did 
was to lay the straight-edge across the hole and measure down 
to the service pipe, and from this the proper “constant,” referred 
to above, was subtracted, which gave the length of risers neces- 
sary to bring the top of the meter to the desired point below the 
meter box lid. If there was a standard nipple of length some- 
where near this dimension it was used. If not, the helper would 
cut pipe to the proper length and thread it. The meter setter jn 
the meanwhile would be cutting a piece of pipe predetermined 
length out of the service line and threading the cut ends for 
elbows. The risers were then screwed in and the yoke and meter 
set, after which the box was put in the hole. By using a set of 
specially made hooks the box was easily adjusted around the 
meters and risers, and the cover put on. 

Two men constituted the back filling gang and followed up all 
setting gangs, backfilling all holes and seeing that the lids were 
properly fastened. 

If the existing cut-off in the service line was so that it could 
be used to control the water it was used, but if not the meter 
setter would cut and thread the pipe under pressure, which only 
took a very few minutes. He would screw the riser pipe with 
control valve on, bail out the hole, and go on without having to 
dig back to the main or cut the water off of a section of the town, 
The water lost amounted to very little. 

One foreman looked after the entire job and 700 meters were 
set at the rate of about 100 per week. 

The cost of this work complete, including tools, boots, and 
everything, was slightly under $19 per setting, which also included 
the changing of some services where it was necessary. 

We believe that in a place where the services are fairly close 
together one foreman could handle about six meter setting 
gangs with the necessary hole diggers and could set about 150 
meters per week, providing that everything is thoroughly planned 
ahead. 





Meter Repair Practices* 


Water meter castings are painted by spray gun equipment. 
The meter casting sets on a turntable which revolves slowly. 
The colors used are Bronze and Aluminum. 

Air chambers have been installed on the influent side of all 
the meter testing machines. This eliminates water hammer caused 
by the quick opening and shutting valves, especially effective 
when testing large size meters. 

The use of Monel metal baskets for dipping meter parts in 
Dearborn 134 solution has been much more economical than 
the use of cheaper baskets. 

An electric drill held in place by a suitable clamp arrange- 
ment is used for cleaning meter parts. The drill is substituted 
for a rotary wire brush. This cleans meter parts in a hurry. 


The uses of compressed air in a meter repair shop are many. 
This added convenience in meter shop repair work will speak 
for itself. 


The use of a hand press similar to the press used on electric 
drills is a sure way of observing the fit of the disc in the cham- 
ber before the meter is put together. This eliminates the guess 
work connected with tight or ill-fitting discs. 

An elevated container of gear lubricant is directly connected 
to a quick opening valve with string attachment. This gives 
positive control of the amount of lubricant added to the gear 
train chamber because it closes so quickly—thus eliminating the 
mess which generally accompanies the handling of gear lubri- 
cant. 


*Courtesy, E. -T. Cranch, Mger., New Rochelle (N. Y.) Water Co. 
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WATER METER TESTING 
PRINCIPLE AND PRACTICE 
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i The testing of a water meter is very simple. It consists of smaller would be the errors introduced by inaccuracies in read- 
d checking the registration of the meter against the actual volume ings. 

38 of water passing through the meter, as measured in an accurate , : : 

“4 volumetric tank or weighed on accurate scales. Single or Series Testing 


a Meter accuracy may be defined as the quotient obtained by Meters can be tested one at a time or in series. When there 


be dividing the meter reading by the actual volume of water. Thus are many meters to test there is a worth-while saving in water 
a meter registering 9 gallons when 10 gallons are run through it and time if several meters are tested at once. The number of 
has an accuracy of 9/10 or 90%. A meter registering 52 cubic meters in series or the number of units in the testing machine 
cn feet on an actual volume of 50 cubic feet is 52/50, or 104% justified for any condition depend on the number of meters in 
ad accurate. the system and the frequency of testing. Testing machines or 
Meter accuracy is commonly expressed in percentage fast or benches for up to 12 meters are in common use. 
. slow. Thus a meter which records 95 gallons when 100 gallons In series testing the flow can be stopped when the correct 
ed are run through it under-registers or is slow by 5%. A meter amount of water has been run through the meters into the tank, 
ly registering 102 gallons on the same volume would be 2% fast. and the accuracy of each meter computed as indicated above. 
th A When only a few meters are tested in series it is possible to take 
og Good Practice in Testing advantage of the percentage calibration on the tank or scales by 
2 Before starting a test, water should be run through the meter turning off the water when the fastest meter shows a registration 
or meters at a high rate, say 10 or 15 gallons per minute, until of the test amount, reading the percentage accuracy of the meter, 
" all the air is out of the meters and the line, and the delivery pipe Starting the flow again and stopping for each meter as it comes. 
to the tank is as full or as empty as it will be at the end of the up to the desired reading. This method of obtaining the meter 
id test. Start the test flow with the test hand of the meter or meters accuracy is not considered good practice as it involves changing 
d on an even starting position or line on the -. ge can be — the rate of flow for every start and stop involved. 
ither by running water from the outlet of each meter until it . ‘ 
e ee the Mie ol at the proper position, or the register can be Testing with Test Meters 
8 turned around in the case until the test hand stands on the line. For testing in the field the so-called test meter is convenient 
0 When testing one meter at a time with calibrated tank or with and satisfactory if only a rough check is desired. However, a 
( scales having percentage beams, the test flow should be stopped test meter is only a meter and subject to the same variation in 
when the meter has indicated the passage of the test amount. The accuracy which is characteristic of all disc meters. 
percentage fast or slow of the meter can then be read direct from Further, a test meter is not positive in the same way as a tank 
the tank gauge or from the percentage beam of the scales. or scales. Testing one meter with a test meter or with any other 


When testing several meters in series or when using scales Or meter jg simply comparing meters and is not recognized in many. 
tanks without percentage markings, the flow, should be stopped states which have regulations or laws applying to means or 
. when the test volume of ‘gan has been run into ie tank. The equipment for water meter testing. Field testing can be done 
: percentage fast or slow of the meter or meters can then be com- much better and more accurately by means of a calibrated testing 
puted by dividing the meter readings by the actual amount of 4.54 
1 water. It will be seen that the computation will be much simpli- : 
fied if the amount of water is one, ten or one hundred gallons or 
cubic feet. Thus the divisor is one, which makes the meter read- 
ing direct in percentage of accuracy. Example: 100 gallons run 
through the meter; meter reading 96 gallons; meter accuracy 
96%, or the meter is 4% slow. 


Money Value of Meter Accuracy 


The accuracy of a water meter is a matter of dollars and cents 
to the customer and the utility. 

Fortunately for the customers, water meters which were 
Amount of Water for Tests originally accurate cannot over-register beyond a slight speeding 
up in some water conditions. This action is self-limiting, for 
friction increases with the building up of the disc or piston and 


tion of the test hand on the meter dial. Often the test hand pinion eds to counteract the speeding up. Water meters always slow 
is not in the center of the circle on the dial and this would intro- ¢W2 ee they become worn, corroded or encrusted. 

duce an error in reading with partial turns of the test hand. Com- The intervals at which it is profitable to the water works to 
mon practice is to test on the small flows with an amount rep- test meters and repair them depends entirely on the effects of the 
resenting one revolution and on large flows with an amount water and service conditions in making the meters under-register, 
representing ten revolutions of the test hand. On the other 0m the value of the water taken but not registered, and on the 
hand, it is possible to get an accurate test on a % inch meter with Cost of making the necessary tests and repairs. In other words, 
ten gallons or one cubic foot and many meter shops do not go if the increased revenue from the meter pays a good return on 
beyond this. Of course the greater the amount of water the the cost of making the meter accurate, it is simply good business. 
Several states have recently adopted regulations which specify 


All test amounts except on lowest flow or “sensitive” tests 
should be at least enough to correspond to one complete revolu- 


































*A booklet distributed by Ford Meter Box Co., Wabash, Ind. limits between meter tests in water utilities, both in time and 
MFGR. NO. CcO.NO. | MAKE SIZE 
DATE PURCHASED ___ STYLE _ ae 
INSTALLATION RECORD TEST AND REPAIR RECORD 
INSTALLED “ m Bi Removed | Rate of Test Repairs bs F Amt, ein 
aj easons for —, oO ater esti 
Date NAME ADDRESS No. [re Date | Resin ! Date a — — Before Test | After Test mg Soa By pemeed 
} ‘| — | rat le Sat fore Test 

















Sid Ge Gain tee Ga 


|__| —_ 


= | ae Bh ’ 
| 7; 9 | | 
Heading for a Suggested Form for Meter Record Card. This Can Be Adapted to Meet the Requirements of Any Meter 
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in volume of water. These limits are necessarily broad, as the 
composition of water and its effect on meters varies widely in 
any state, and many utilities profitably test and repair more 
frequently than required. ‘These regulations show the growing 
realization that meter testing is important. 


The following table shows the value of water unregistered by 
meters of various percentages of slowness, with various amounts 
of water drawn through the meter and with water valued at 
from 10c to 50c per thousand gallons. These figures can be 
easily transposed into cubic ft. by recalling that 100 cubic ft. 
equals 750 gallons. 

From the table it will be seen that with water at 10c per 
thousand gallons the return on the investment of testing and re- 
pairing a meter 4% slow will be only 40c with every 100,000 
gallons of water drawn through the meter. It would take a 
large and active service to make frequent testing pay under these 
conditions. 

On the other hand, with water at 50c per thousand gallons a 
meter failing to register 20% of the water passing through it 
(not terribly rare) would lose $1.00 for the water works with 
every 10,000 gallons. With these conditions maintained accuracy 
will pay a handsome return on the investment. 


TABLE SHOWING VALUE OF WATER NOT REGIS- 
TERED BY METERS OF VARYING PERCENTAGES OF 
UNDER-REGISTRATION, WITH WATER FROM 
10c TO 50c PER THOUSAND GALLONS, AND 
WITH THREE AMOUNTS OF TOTAL DRAFT. 
VALUE OF WATER PER 1,000 GALLoNns 
@ 10c @ 30c @ 50c 

Total Volume Drawn—Gallons x 1,000 


%* 10M 50M 100M 10M 50M 100M 10M 50M 100M 
4 $.04 $.20 $40 $.12 $ 60 $1.20 $ .20 $1.00 $2.00 
6 0 30 6 18 90 180 30 1.50 3.00 
8 08 40 80 .24 120 240 40 2.00 4.00 
10 10 50 100 .30 150 3.00 50 250 5.00 
12 12 60 120 36 180 360 60 3.00 6.00 
14 14 70 140 42 210 420 70 3.50 7.00 
16 16 80 160 48 240 480 80 4.00 8.00 


— 


9.00 
10.00 





2.70 
3.00 


18 18 90 
20 20 1.00 


1.80 54 
2.00  .60 


5.40  .90 
6.00 1.00 


4.50 
5.00 





*Under-Registration Percent. 


Steps in Testing a Water Meter 


[A Szinch meter is used as an example. A larger meter would 
involve the same procedure but would require greater rates of 
flow. ] 


1. Insert Meter in Tester—Any means of connecting the 
meter water-tight in the test line is satisfactory but a regular 
tester is much more convenient. 

2. Flush Meter Out With a Large Flow—This is to re- 
move air from the meter and line. A flow of ten or more 
gallons per minute is desirable and should be continued until 
discharge indicates that all air is out of the line. 

3. Bring Test Hand of Meter to a Mark—This can be done 
by stopping the water flow as the hand reaches the mark, or 
by turning the dial in the meter case if the meter bonnet is 
removed. 

4. Run a Test at 10 to 15 G.P.M. Running 50 Gallons or 
10 Cu. Ft.—It is desirable to run this much water although 
more would be just as good or better. Be sure the calibrated 
tank is empty or the scales balanced before the test flow is 
started. 

5. Run a Test at 1 to 2 G.P.M. Running 10 Gallons or 
1 Cu. Ft.—Here again the exact amount is subject to variation 
and more water can be run if there is plenty of time and 
water, 

6. Run % G.P.M. Test, Running at Least 5 Gallons or ¥% 
Cu. Ft.—This low-flow test is important for reasons men- 
tioned on pages 9 and 10. 

7. Make a Record of the Tests—Put down in permanent 
form the accuracy of the meter at the three rates of flow, 
date of test and other pertinent information. See suggested 
record card on the reverse of this sheet. 


IMPORTANCE OF TESTING DISC METERS AT THE 
CORRECT RATES OF FLOW* 


By P. S. 


WILSON’ 


Consultant in Water Works Management, Glen Ridge, N. J. 


A typical registration curve of disc type water meters is shown. 
In this curve the percentage of the water actually registered during 
passage through the meter is plotted against the rate of flow in 
gallons per minute. 

The curve as a whole may be shifted upwards or downwards 
by altering the gearing of the meters but this will not change the 
general shape of the curve. The curve shown in the figure is 
drawn for five-eighths inch meters but the corresponding curve 
for any size of disc meter will have much the same shape in rela- 
tion to the total range of capacity of the meter. The important 
fact to observe regarding this curve is the fact that it is a curve 
and not a straight line. In other words, even above the low flows 
which the meter will not register, the percentage registered is not 
the same at different rates of flow. 


Importance of Testing at Several Rates of Flow 


The purpose of testing a meter is to determine the percentage 
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Curve Showing Accuracy of Meter Registration at Variable Rates of Draught 


of the water passing the meter which i is registered by it. As ex- 
plained above, this percentage. is normally different at different 
rates of flow. In routine meter shop practice it is of course im- 
practical to test a meter at every rate of flow under which it will 
actually operate, and yet we must have assurance that it will regis- 
ter within the limits of accuracy adopted at all of these different 
rates. We know that a test at a single point on the curve, that is, 
at a single rate of flow, will not give us the percentage registered 
at other rates of flow. The curve may be of different curvature 
depending upon the condition of the meter, and we are making 
the test because we do not know the condition of the meter. If 
the clearances in the disc chamber are too great, for example, the 
meter will not register the low flows well and its curve will drop 
off too rapidly at that end. If the “control” is not close enough, 
that is, if the spindle is not held at the’proper angle, the meter’s 
registration curve will in all probability go up too high at the 
intermediate rates of flow. With the multiplicity of parts in a 
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meter there are of course many other defects which may have 
various effects upon the performance of the mechanism as a 
“—. endeavor must be to test the meter at the least number of 
rates which will serve to indicate with sufficient reliability what 
the performance will be over the rest of its range of capacity. It 
has been found that in normal practice it is necessary to make a 
test at each one of three different rates of flow, unless the con- 
dition of the meter is already quite well known. In order to ob- 
tain reliable information from as few as three different rates of 
test these rates must be carefully chosen in order to show up the 
true form of the curve and to know that there are no irregularities 
in it between the points located by the tests. 

*From WATER WoRKS AND SEWERAGE, January, 1933. 

tNow Technical Asst. Secy., American Water Works Assn. 

The three rates of flow at which a disc meter should be tested 
are usually termed the “Low” or “Minimum” test flow, the “In- 
termediate” or “Medium” test flow, and the “High” or “Full” flow, 


Minimum Flow Test Requirements 


The “Low” or “Minimum” flow test is made in order to deter- 
mine that the meter does not drop off in registration at any higher 
rate of flow than economically possible, in other words, the meter 
must be able to register down to a certain predetermined low rate 
with sufficient accuracy. The accuracy of registration at low flows 
depends to a large extent upon the reduction of clearances and at 
the same time the avoidance of friction in the meter. 

The rates of flow called for as “Minimum Test Flow” in the 
Standard Specifications for Disc Type Meters as adopted by the 
American Water Works Association and the New England Water 
Works Association, and reproduced herewith as Table I, are the 
rates of flow in common use. Different organizations vary some- 
what the required percentage of registration at these flows to suit 
individual views and conditions. The Standard Specifications re- 
ferred to call for at least 90 per cent registration at minimum test 
flows. Good manufacturing methods and skillful repair work can 
be considerably better than this on both new and repaired meters, 
94 per cent or 96 per cent being not unreasonable to expect. 


TABLE I 


Rates of Test Flow. From Standard Specifications for Cold 
Water Meters, Disc Type, Adopted by the A. W. W. A. June 19, 
1921, and by the N. E. W. W. A. Sept. 14, 1921 


Size of Normal Test Flow Minimum Test 
Meter Limits (Gallons Flow (Gallons 
(Inches ) per Minute) per Minute) 
a Se ney ee eee 1 to 20 4 
DD. citer ccdiataevebenwe 2to 34 i, 
1 Ee ee ere ee 3 to 53 “A, 
BA A os ics ances eer eee 5 to 100 1% 
Saal ERE A: PE A on Mr 8 to 160 2 
a Re re le 16 to 315 4 
PE rete te SOP Pee 28 to 500 z 
MO, sduk owen ee 48 to 1000 12 


Intermediate Flow Test Requirements 


The Intermediate test flow should be chosen so as to ascertain 
that the registration at the high point of the curve does not go 
too high. The rates should, therefore, be such as to aim for the 
probable highest point. This will vary with different makes and 
types of meters but it will usually be found at, or a little higher 
than, the lower figure given under “Normal Test Flow Limits” 
in the Standard Specifications—see Table I. For a five-eighths 
inch meter the table gives 1 gal. per min. and the test flow should 
usually be from 1 to 2 gal. per min. 

If the meter is geared and fitted so as to maintain a good regis- 
tration at the low and high flows then the difficulty in most cases 
will be to keep the registration down at the intermediate flow. 
The flatter that the curve for the meter is, the less need there is 
for such practice. This is one of the many things to be considered 
in selecting a meter. 


High Flow Test Requirements 


The high flow test is considered by some to be the least im- 
portant. This is unfortunate’ because it is the quickest and most 
convenient to perform. The exact rate of flow to be used at this 
test certainly is less important than with the low and intermediate 
tests because at rates of flow above the intermediate the curve is 
not apt to rise or fall so markedly. Many shops use a high test flow 
equal to the higher figure given under “Normal Test Flow Lim- 
its” in the standard specifications (Table I). For a five-eighths 


inch meter the 20 gal. per min. flow is approximately the maxi- 
mum rated capacity of the meter. The practical objection to 
using this figure for the high test flow is that in very few cases 
will the service pipe and plumbing in a residence pass nearly so 
high a rate of flow and we are therefore testing at a rate beyond 
that at which the meter will ever operate. Between 50 per cent 
and 75 per cent of this high figure is a more logical one to use 
for testing in routine procedure. At the high flow the percentage 
registered should again be kept up, as in the low flow, and a 
minimum of 98 per cent is often specified in accordance with the 
standard specifications. 

Having given consideration to the reasons for choosing each one 
of the three different rates of test flow it is of course self-evident 
that it is of equal importance to actually perform the tests at 
those rates, in other words, to measure with reasonable accuracy 
just what the rate of flow is during the test and to adjust it to 
the correct figure. 


TABLE II 


Discharge of Orifices in Gallons Per Minute. The Smaller of the 

Two Figures Given in Each Case Is the Discharge of a Sharp 

Edged Orifice in a Thin Plate. The Larger Figure Is the 
Discharge with Properly Rounded Edges 





Size of 

Orifice— ——Pressure—Pounds Per Square Inch 

Inches 40 60 80 100 
1/32.... 011— 018 0.13— 0.22 0.16— 0.26 0.18— 0.29 
1/16.... 0.44— 0.74 0.54— 0.90 0.62— 1.0 0.70— 1.2 
1/ 8.... 18 — 3.0 2.2 — 3.6 2.5 — 4.2 2.8 — 4.7 
3/16.... 40 — 6.7 4.9 — 82 5.6 — 9.4 6.3 —10.5 
1/ 4.... 7.1 —118 87 —14.5 100 —16.7 11.2 —18.7 
5/16.... 11.1 —18.5 13.6 —23. 15.7 —26. 17.5 —29. 


3/ 8.... 16.0 —27. 19.6 —33. 23. —38. 25. —42. 
7/16.... 22. —36. 27. —44. 31. —51. 34. —5/7. 
1/ 2.... 28. —47. 35. —58. 40. —67. 45. —75. 


Importance of Accurately Measuring Flows 


The most frequently used means of determining the rate of test 
flow is with an orifice. No fault can be found with this means if 
we really know how much water is flowing through the orifice. 

The rate of flow through an orifice of a given size depends 
principally upon the shape of the edges of the hole, the thickness 
of the plate in which the hole is drilled, and upon the effective 
pressure acting to push the water through the hole. Rather than 
to state the size of the orifice it is far more definite to give the 
rate of flow in gallons per minute, or as the number of seconds to 
pass one cubic foot, as is done in up to the minute shops. 

Table II gives the uncertainties of using orifices which have not 
been actually tested under fixed and known pressures. For ex- 
ample, a one-sixteenth inch orifice under a pressure of eighty 
pounds per square inch may discharge as much as one gallon per 
minute if the inner corners of the hole are properly rounded. On 
the other hand if the edges of the hole are sharp and square and 
the plate through which the hole is drilled is thin the discharge may 
be less than two-thirds of a gallon per minute under the same 
pressure. Variations in the effective pressure added to the above 
uncertainties will of course cause even greater indefiniteness in 
the discharge. At forty pounds per square inch the discharge of 
the one-sixteenth inch sharp edged orifice may be considerably 
less than one-half gallon per minute, while an increase of the 
pressure to one hundred pounds per square inch will produce a 
discharge through the same orifice with rounded edges of over 
two and one-half times as much. Such uncertainties as these will 
greatly nullify the benefits of otherwise careful testing. 

The best way to determine that the correct rate of flow is being 
used is to actually use a watch, and preferably a stop watch, to 
time the filling of a calibrated can or tank. The test flows should 
be stated in terms of definite figures, such as gallons per minute, 
and not in terms of the size of the orifice or the number of turns 
of the valve wheel. 

The figures given in Table II are the theoretical figures as to 
the discharge in gallons per minute of different sizes of orifices 
under different pressures. The smaller of the two figures given 
in each case is the discharge with a sharp edged orifice in a thin 
plate, or with the edges properly bevelled on the outlet side. The 
larger figure is the maximum discharge to be expected with 
properly rounded edges on the inlet side of the orifice plate. These 
figures may serve as a guide in the cho’‘ce by trial sizes of orifices 
to be used for obtaining certain rates of discharge. Actual meas- 
urement and timing should be employed to check each one, how- 
ever. It must be remembered that the pressure which is effective 
upon the orifice will only be shown correctly by a gage located 
next to the orifice, and beyond the meter being tested, also that 
the pressure reading must be taken after the flow has become 
steady and constant. 
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SELECTING THE RIGHT METER™ 





By ROGER W. ESTY** 


Superintendent, Danvers Water Works, Danvers, Mass. 


In days gone by, the thought of “What shall we set for a 
meter on a service line?” was not given the consideration war- 
ranted. The expense involved apparently did not appear to be 
a factor, because the size of the pipe installed was generally 
used as the determining factor in selecting the size of meter for 
the installation. 

Since those days meters have reached a much higher degree 
of perfection and now, at reasonable cost, meters can be pur- 
chased to fit any service required; and, can be depended upon 
to give satisfactory results. 

Especial care should be exercised when purchasing a meter 
because this device serves as the cash-register of the system. 
When purchasing a meter do not let the price be the determin- 
ing factor; for, as you know, the older we get the more and 
more do we realize that you get just about what you pay for. 
There is no such thing, nowadays, as truth in a claim that “It 
is just as good for one-half the price.” 

We must not forget the obligation we cwe to those we 
serve. We must not spend their money recklessly or unwisely. 

Several years ago, at Danvers, we had a water waste sur- 
vey made to check up on our consumption, which apparently 
was gradually creeping upward without any particular reason. 
Much to our surprise, we found no unreasonable leakage, but 
found that all of our large meters were under-registering, some 
as much as 50 or 60 per cent. On large meters this constitutes 
a sizeable and serious loss. 

In the past, we never tested these meters. And, as long 
as they kept running and the monthly readings were compara- 
tive little, if any, attention was given them. When we found a 

*Excerpts from an 
SEWERAGE, Sept., 1934. 

**The author has the distinction of being now (1936) President 
of N.E.W.W.A. 
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Neptune Recording Meter Set, Used in 
Evalulating Variations in Water Takings 


Customer and Determining the 
Proper Capacity of Meter 
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Portable Meter Testing and Flow Measuring Outfit Used in 
Field Tests 


stopped one we would take it apart and clean it and make 
whatever repairs found necessary. We didn’t know whether 
the meter recorded accurately or not. We merely assumed 
that if it was properly cleaned and repaired it must be right. 

After our water waste survey we changed practically every 
meter. Some we had rebuilt. As time went on we found that 
this change had been very unsatisfactory. We were suspicious 
of the accuracy of the readings of one large meter, realizing 
that its registrations must be too low. To obtain a test on it, 
we put in two one-inch corporation checks, brought them to- 
gether, and then from this junction extended a fire hose to a 
two-inch test disc-meter which had been previously checked for 
accuracy. From this set-up approximately 200 g.p.m. was 
obtainable. Apparently our suspicions had been right because 
we found the meter under-registering. As a result of that test, 
we started tapping in just beyond all of the other large meters 
for additional testing. 


Meter By-Pass Lines Proved Their Worth 


From the results of this work, we decided to take out all 
of our institution and industrial meters, replacing them with 
new meters. In each case we provided a by-pass line, a test 
tee and the necessary gates, so that tests and repairs could be 
made at any time without inconvenience to the customer. 

In my opinion the money spent constituted the best invest- 
ment we have ever made for convenient and money saving 
maintenance. It is a highly justifiable expense and no meter 
of any consequence should be set without being provided with 
a properly gated by-pass with a test plug inserted. 

We made mistakes in our first set-up that I would correct if 
I had to do the work over again. In making changes my first 
correction would be to set the meter on the by-pass, line and 
leave the main line unobstructed, to take care of large emer- 
gency demands such as would be needed at a fire. As a gen- 
eral rule, a meter much smaller than the size of the supply pipe 
can be, and should be used and there is also a saving to be 
had in the cost of the smaller fittings required. This is now 
the practice followed in Danvers. 

Then, next, all gates should be provided with rising stem 
valves. There is a possibility of leaving gates opened or closed 
where the standard (non-indicating) gate stem is used. Visual- 
ization is a great safeguard and protection and at a glance one 
can tell the position of a rising stem valve. 


Oversize Meters—Why? 


After this new set-up of meters had been in for a few years, 
we made a 3 or 4 day test on each meter, running the recording 
testing device twenty-four hours each day. The results were 
surprising—even astounding. Meter line requirements on 6 and 
8-inch pipe lines, provided with meters of the same size as the 
pipe, showed that at no time did the demand exceed on the 6- 
inch meter 25 g.p.m. and on the 8-inch meter 75 g.p.m. 

From these results it was apparent that: In the first case a 
%4-inch meter would amply take care of the normal demands 
on the 6-inch service; and in the second instance a 1%-inch 
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Portable Meter Testing Outfit on Service Wagon. Connection 
Is Made by Fire Hose to Meters Tested 


meter would suffice on the 8-inch service. But, these meters 
were on lines supplying hydrants, and therefore the smaller 
meters could not be used. It is my opinion, however, that a 
4-inch meter—if not a 3-inch meter—will prove ample. A 
3-inch meter on a by-pass will supply two powerful fire streams 
and in most cases this will be sufficient. If a greater demand 
should be required the main line can be opened. Since we have 
a man who answers every fire alarm, he has been instructed in 
every instance to open up the gate on the unmetered side, re- 
gardless of how small the first might be. : 

We have had these smaller meters in now for nine years and 
we have only opened up the unmetered side of the line once. 
At this fire only one stream was used, but the gate was opened 
just the same. No difference was noticed in the volume in 
this instance, where a 3-inch meter had been cut into a 6-inch 
line leading from an 18-inch main. 


What Size Service Line? 


When laying a service main I thoroughly believe in laying 
one that will more than take care of the service demanded. 
Larger lines reduce friction and deliver volume up to the point 
of the demand. The owner should be interviewed regarding 
what he feels will be his maximum demand in gallons per 
minute. On commercial lines, I try to have the customer 
visualize a barrel and then tell him that that barrel holds 50 
gallons. Then I ask, how much more or less than 50 gallons 
per minute will he use? He can readily make a comparison in 
his mind between the 50 gallons and the amount he is going to 
use and he can then easily judge about how much he will use, 
and it is seldom you will find any user using more than “a 
barrel a minute.” Cubic feet means nothing to the customer, 
and even gallons per minute means little, but the barrel method 
of determining the amount of water he might use, is much 
easier for him to understand and has not failed yet in giving 
to me the information that I have wanted in determining the 
size of meter and service needed. 

The type of service and demand, should be instrumental in 
determining the type of meter that should be used. Considera- 
tion of the small flows should be given prior consideration be- 
cause 90 per cent of the flows come under the range of the 
smallest capacities of the large meters. If a large continuous 
flow is used, then naturally a meter to register large flows 
should be used as there are no small streams to be considered. 

I have a case in my own system, at Danvers, where all of 
the water is repumped and this pump operates at about 500 
g.p.m. until the tank is full, then it automatically shuts off and 
no more water passes through the meter until the level of the 
tank drops sufficient to kick in the automatic pump switch. In 
this case a meter to pick up minor flows, leakage, etc., is not 
needed, because the rate of flow is 500 g.p.m. or nothing. 

The selection of the meter, should in my opinion, be left with 
the water works officials and not to the customer. The own- 
ership of the meter should also be retained by the water de- 
partment and not by the customer. By experience, water works 
managers are much better qualified than anyone else to select 
the proper meter which, in justice to all, must be the most 
adaptable to the desired type of service it is selected for. 





Renovating Water Meters 


Water Companies, on the whole, and also several of the more 
progressive municipally owned Water Departments, have found 
that a little dressing up of overhauled meters before returning 
them to the customers’ service has a desirable psychological effect 
on the customer. The spray gun and gilt or silver lacquer or 
a combination of the two is the most universally employed method 
of dressing up old meters after they have been overhauled and 
tagged “O.K.” on the test bench. 

Mr. La Verne Trentlage, Superintendent of Meters in the Water 
Department of Elgin, Ill., has evolved a scheme which goes the 
spray-gilting method one better in making “new” meters out of 
old ones. In the Elgin scheme the metal parts of the meter are 
given a treatment which removes the oxidized or carbonated coat- 
ing from the metal and leaves the parts as metal-bright as when 
turned out by the manufacturer. 


Cleaning and Brightening Procedure 


(1) Dip meter parts for 10 minutes in hot Trisodium Phos- 
phate solution (2% Ibs. or more of T.S.P. in 10 gallons of water). 
(2) Remove meter parts from T.S.P. solution and rinse in hot 
water to remove the alkali. : ; 
(3) Dip the parts in Muriatic Acid solution (1 part 18 degree 


Muriatic Acid—to 2 parts of water). Allow to remain in this 
acid bath for approximately 15 minutes, or longer if necessary. 
Remove and rinse in hot water. 

(4) To brighten to original lustre, immerse in the “bright-dip” 
solution (1 part 38 degree Nitric Acid, 1 part 66 degree Sulphuric 
Acid and 1 part water, plus a handful of common salt). Leave 
the parts in the bright dip for 5 to 10 seconds, the length of time 
depending on the composition of the metal and degree of brightness 
desired. 

(5) Remove and rinse in boiling water to remove acid. 

(6) To keep the parts from dulling on standing, a “stabilizing- 
dip” (especially prepared for this purpose) has been developed by 
General Chemical Company). After the rinse, the parts are 
dipped into this solution, removed and allowed to drain and dry. 

Notes of Caution: Always add acids to water and not water to 
acids when making dilutions. This will preclude over-heating and 
spattering of the acid. Be careful to avoid splashing of the acid 
when dipping the meter parts. In case acid accidentally splashes 
on hands or face, wash at once in clean water to avoid an acid 
burn. Spattered acid is also hard on clothing and shoes, Rubber 
aprons and gloves are good protection. 

Do not use iron or steel wire for dipping meter parts. Copper 
or monel metal wire is satisfactory. 
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METER TESTING, REPAIR AND SELECTION 


By CLEM. A. GALLAGHER 


Superintendent of Services, Louisville Water Co., Louisville, Ky. 


Recently while making a trip for the purpose of inspecting 
various meter shops throughout the country, one basic and sad 
truth struck me bluntly. 

That sad truth is simply this: Despite all the progress made 
in the waterworks field in filtration, pumpage, construction and 
billing, yes, even in the meter field, a paradox still confronts us. 
The one sure-fire revenue producing instrument is seemingly 
neglected, if not ignored. Less, generally, is known about water 
meters than about any other essential waterworks mechanism 
I am of the firm opinion that a definite, efficient, and consistent 
meter testing and repairing program is a vast asset to any 
Water Department or Water Company. The revenue accru- 
ing naturally from such a program will more than pay the 
initial expenditure for such a program in the first few years. 
The difference between 85 per cent and 100 per cent seems not 
so large arithmetically, but in just one service in one year’s 
time it means many dollars and cents in any language. 

Contrary to popular belief a meter testing and repair pro- 
gram is simple in itself. And the cost of such has been grossly 
exaggerated. By explaining simply, and somewhat in detail, 
the meter plan we have been working successfully and at rea- 
sonable cost in the Louisville Water Company, I hope to prove 
my contention that a definite, efficient, and concise meter test- 
ing and repair program is a vast and lasting asset to any water 
utility, irrespective of size. Further, that such a program can 
easily and reasonably be inaugurated and maintained. 


The Four Phases of the Program 


In such a definite program four phases comprising the com- 
posite must be considered and I shall treat of them in order. 
Meters must be exchanged, tested, repaired. Then, records 
must be kept of all these operations. It stands to reason that 
any system which would insure an unfailing and accurate record 
of a meter, from the time it left the ground until it was re- 
turned after testing and repair, would be the most desirable 
method from every standpoint. 

We three men with small trucks 


method: have 


This is 


our 


exchanging meters daily and returning them to the shop. These 
men likewise take care of all meter complaints such as meters 
stopped, broken counters, leaks, etc. Normally each man and 
his helper will exchange about thirty-five meters a day. A 
card (here illustrated) has been devised to take care of all of 
the recording. This card is perforated midway and entwined 
with a wire at the top. The cards are numbered, and used and 
filed consecutively. On one side of the card at the top is a 
record for the meter reset after it has been repaired, tested 
and O. K.’d. Space is available for the make of meter, the 
serial number, size, the address set, the attachment number, the 
account number, the date set. It is signed by the man placing 
the meter back in the ground. 

The lower half of the card on the same side has the record 
of the meter removed with make, serial number, size, reading, 
address removed from, attachment number, account number, date 
removed, reason for removal (exchange, frozen, out of order, 
etc.), and also space for the signature of the man removing the 
meter. 

On the other side of the card the upper half is blank while 
the lower half contains a complete record of the meter test and 
repair. Each meter coming into the shop has this attached card 
wired to the casing so that this same card remains with that 
one meter from the time it leaves the ground at one location 
until it is returned to the ground in another place. This ob- 
viates the danger of lost cards and garbled records. 

Each meter received in the shop is tested as received and 
tested, as final, after it has been repaired. Each meter is thor- 
oughly cleaned and repaired irrespective of its first test aver- 
age. Each %-inch meter is tested with fifty gallons at ten gal- 
lons a minute and with ten gallons at one gallon a minute. The 
meter tester places both percentages on his card as well as the 
average of the two. The meter is then sent to the repair bench 
to be cleaned and repaired. 


Thorough Shop Records 


The lower half of this part of the card contains a list of the 
repairs made, parts replaced, and the time consumed in this 
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INERTOL COMPANY, Incorporated 


401 Broadway, New York City 447 Sutter beg hoe Penenicis Cal. 








Where and How to Use Inertol Products 
in WATER WORKS 


1. ON ALL CONCRETE IN CONTACT WITH 
WATER BUT NOT VISIBLE: for “tile-surfacing” the 
walls of filter beds below the sand line, for waterproofing 
covered reservoirs and basins, for eliminating slime and ac- 
celerating the flow in tunnels, conduits, flumes. Apply INER- 
TOL STANDARD #49 in 2 coats, at the rate of | gallon 
for 200 square feet, each coat. 

2. ON ALL CONCRETE IN CONTACT WITH 
WATER AND EXPOSED TO VIEW: for “tile-surfac- 
ing” the walls of filter beds above the sand line, for water- 
proofing coagulating basins & clarifiers, for eliminating slime 
and retarding algae in flumes, channels and open conduits. 
Apply RAMUC ENAMELS as per color chart, in 2 coats, 
at the rate of | gallon for 200 square feet, each coat. 

3. ON ALL CONCRETE BRICK OR PLASTER 
ABOVE WATER: for protection against condensation of 
water and chemicals and for decorating floors, walls and ceil- 
ings of pump stations and filtration plants with a clean, non- 
peeling and washable finish, Apply RAMUC ENAMELS 
as per color chart, in 2 coats, at the rate of | gallon for 200 
square feet, each coat. 


4. ON ALL IRON, STEEL OR WOOD SUB- 
MERGED UNDER WATER: for durable protection 
against corrosion of wash water troughs, stand pipes and tanks 
(inside), chemical feeding troughs, etc. Apply INERTOL 
#55 (black) in 2 coats, at the rate of | gallon for 300 square 
feet, each coat. On rough, very absorbent or brand new 
surfaces use first a priming coat of INERTOL #50 STEEL PRIMER, applied at the same rate. 

5. ON ALL IRON, STEEL AND WOOD ABOVE WATER: for protection against condensation of water and chemicais as well as 
general atmospheric conditions on structural steel in filter plants, pipe galleries, on motor housings, pumps and valves, hydrants, etc. Apply GLAZO- 
FLEX ENAMELS as per color chart, in 2 coats, at the rate of | gallon for 300 square feet, each coat. On rough, very absorbent or brand 
new surfaces, use first a priming coat of GLAZOFLEX PRIMER, applied at the same rate. 

6. On CONCRETE, BRICK AND STUCCO EXPOSED TO DRIVING RAINS AND SEVERE WEATHERING CONDI- 
TIONS: for waterproofing and frostproofing of outside building walls, aerator walls, spray ponds, etc. Apply PLUVOL (transparent) in 3 coats, 
at the rate of | gallon for 400 square feet, each coat. 


In SEWAGE PLANTS 


1. ON ALL CONCRETE BELOW SEWAGE 
LEVEL: for “tile surfacing” all concrete in contact with 
unsettled sewage. Apply INERTOL STANDARD in 2 
coats, at the rate of | gallon for 200 square feet. 

2. ON ALL CONCRETE ABOVE SEWAGE 
LEVEL: for frostproofing, acidproofing and as a decorative 
finish, also as a protective coating against chlorine and hydro- 
gen sulphide on floors, walls and ceilings. Apply RAMUC 
ENAMELS in 2 coats, at the rate of | gallon for 200 square 
feet, each coat. 

3. ON SMOOTH IRON OR STEEL BELOW 
SEWAGE LEVEL OR IN MOIST ATMOSPHERE: 
for durable protection against sewage and condensation. Ap- 
ply INERTOL STANDARD in 3 coats, at the rate of | 
gallon for 400 square feet, each coat. 

4. ON SHARP EDGED, ROUGH STEEL BELOW 
SEWAGE LEVEL: for durable protection of thin steel sec- 
tions, regardless of edges, corners and angles. Apply 2 coats 
INERTOL STANDARD at the rate of 400 square feet per 
gallon and | coat of INERTOL STANDARD THICK at 
the rate of 200 square feet per gallon. 

5. ON ALL IRON AND STEEL SURFACES 
ABOVE SEWAGE LEVEL: for durable protection and 
beautiful appearance of steel surfaces exposed to strong abra- 
sion, sewage mist, sun and gases, indoors and outdoors. Apply GLAZOFLEX ENAMELS, as per color chart, in | or 2 coats over GLAZOFLEX 
PRIMER, at the rate of | gallon for 300 square feet for primer and finish coats. 

Spalling or rough conerete is hard to keep clean. Rusting equipment causes all kinds of trouble. 
A well kept plant is more easily run! Inertel Products will save you many hours of work and make 
your water works and sewage plant clean, sanitary and attractive. 



































































WATER WORKS AND SEWERAGE DATA 



















































































No. 
TEST AVERAGE 
ILLE TER ’ AS {56a @10GAlP.M 
noe a = mma (nels tee ¢——* 
50 Gal. @ 10 Gal. P. 
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BY isc. Train Gear Bottom 
CHAMBER BOTTOM BOLTS 
ee ee — REGISTER WASHERS 
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BY 
SIZE IM, READING a 
ADDRESS REMOVED 
ATTACHMENT WO. 
Meter Record Card—(Front 
ACCOUNT KO. and Rear) Perforated Across 
Center for Detaching Lower 
DATE REMOVED Half for Recording and 
Filing. Actual Size of 
REASON Cards: 8 in. by 3% in. 
bY 
OVER 
repair. The material is listed on the card with a corresponding 


space for the quantity of each part used and the bin number 
from which it was taken. As a consequence, each man while 
repairing a meter must put down just what new part, or parts, 
he used, how many parts were used and how long it took him 
to finish this one meter. The meter repair man then signs the 
card and the meter is returned to the testing table. It then 
goes through its final test of fifty gallons at ten gallons a min- 
ute; of ten gallons at one gallon a minute, and of two gallons 
at one-fourth gallon per minute as a final check. The averages 
are again noted and averaged and this part of the card is then 
signed by the chief meter tester. If the meter does not register 
within two per cent it is returned to the bench for a further over- 
hauling. If it, however, registers accurately the card is then 
severed at the perforation marks and the lower half returned 
to the meter record office. This card contains, therefore, for 
the clerks in the meter record department, complete informa- 
tion in regard to this one particular meter including the removal 
of the same with all statistics, the testing of the same and the 
repairing of the same. The signature of each foreman defi- 
nitely places responsibility for errors under each classification. 
The information from these cards is transcribed to the regular 
permanent meter cards and the shop tag cards are then filed, 
according to their test number, in a file to fit this card. This 
gives the department a test and repair file. 

Our endurance test box in the basement is so constructed that 
it will hold twenty-five meters at one time. It is arranged in 
a series of two boxes and any meter of any series, either series, 
or both, can be removed at any time by means of valves with- 
out affecting the flow of water in the building. Our figures 
in many of these tests have been most startling, and seem to 
prove one thing very conclusively—that the A. W. W. A. speci- 
fications for 4% inch cold water meters are entirely too lenient. 
A well constructed water meter should register much better than 
90 per cent on a one-fourth gallon per minute stream. 

We recently made a meter under-registration survey. We 
brought into the shop at one time three hundred meters which 
had been in service five years or longer and tested them as re- 
ceived. The averages were startling inasmuch as the average 
percentage of inaccuracy on flows for all meters up to and in- 
cluding the one-fourth gallon per minute flow was far above 
standard requirements, for new meters. 

It has been our endeavor in this entire meter program to aim 
first at thoroughness, but thoroughness through simplicity. We 
believe we have accomplished our goal and through the cycles 
described in this paper are able to test and repair water meters 
regularly, accurately, efficiently and economically. The cost of 
this program will be as nothing compared with the revenue 
pickup naturally consequent on such a program—not to mention 
the life added to the meters. 

Any water utility, which neglects to maintain a definite regular 
meter test and repair program is neglecting what should be con- 
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sidered a water company’s greatest asset. As the meters g0—so 
goes your revenue. A water meter can be tested, repaired and 
kept in shape. Like anything else in life, so with water meters 
—the simplest and safest way is the best and the cheapest way. 

The top half of the card remains, of course, on the meter 
until that meter is again taken out to be reset. Then in like 
manner the man resetting tthis meter or exchanging it for an- 
other fills out the information given above, disconnects the wire 
and card from the meter, signs the card and returns this reset 
information to the meter record department. We thus have a 
complete cycle for our exchange program and by the use of 
this simple card we have not only a method of double checking 
each step but also of definitely placing responsibility where jt 
should be placed. 

This exchange system, simple as it is, has worked out most 
successfully for us and should do so for others. The men ex- 
changing meters take out each day just as many tested and re- 
paired meters as they will exchange. This cycle keeps the shop 
free from meters piling up. At our present speed each of our 
50,000 meters will be put through this process once every five 
years, although our tests (with our water and our meters) 
show that this period between tests for economy reasons should 
be lengthened appreciably. 


Testing 


Next we come to the testing of a water meter. As I have 
explained above, a meter is tested as received and again after 
repairs. The size stream for the test depends, of course, upon 
the size of the meter. 

Our meter testing table can test ten 54, 34 or 1 inch meters at 
a time. On an adjoining bench the larger meters, up to six 
inches, are tested one at a time. We have done away with the 
slower method of weighing for tests, and use only calibrated 
tanks and funnels. A hydraulic plunger keeps the meters in 
place. This test bench is so arranged that we can vary our 
stream anywhere from 225 gallons per minute down to 1/320 
gallons a minute. The latter is accomplished by means of nee- 
dle valves. 

Recently we have standardized on the sweep-hand dials on 
all meters, for two very definite reasons. First of all it is much 
easier to detect a leak on any size meter if it is equipped with 
a sweep-hand dial, and secondly and even more important, it 
facilitates the testing of a meter in time saved and assures us 
that our registers are likewise accurate. We could not be sure 
of this by the use of test dials. Our meter tester and his 
helper average over one hundred 54 inch meters per day on 
standard tests. A cycle is likewise completed here, since in the 
morning meters are tested as final and in the afternoon a new 
lot is received. Thus the repair men on the bench, work each 
day on the meters tested as received the previous afternoon 
while the meter tester tests as final in the morning the meters 
repaired the previous day. 

It is noteworthy that our records show that less than one per- 
cent of the total number of meters repaired have been unfit 
after repair, and have to be returned to the bench. The promis- 
cuous use of change gears is undesirable and we try to get away 
from it as fully as possible. 

Repairing 

The next step in our meter routine is our repair bench. Five 
men work on this bench and each man has his own set of tools, 
his own sink with running hot and cold water, his own brushes 
and a hose with a stop-valve carrying compressed air of about 
seven to ten pounds pressure. This air is simply piped from 
our garage and reduced in the meter shop by means of a re- 
ducing valve. We have found that this compressed air at this 
pressure is most useful and practical for testing out the running 
smoothness of a meter as well as ejecting particles which may be 
holding back the best performance of a meter. It likewise does 
away with the necessity of the men placing their mouths on 
the outlet or inlet to a meter. 

The meter bench is made of wood and covered with heavy 
galvanized iron. Above each man is an electric reflector which 
evenly lights up his place of work just where he needs it most. 
Each meter is placed in a separate pan to do away with the loss 
or mixing up of parts. 

Our manner of cleaning a meter is simply the old fashioned 
but effective soap and water method. We deprecate the use of 
acid on any meter, or parts thereof, unless it is absolutely neces- 
sary. We have found that under our own water conditions the 
encrustation can be satisfactorily and more safely removed by 
good old hot water, soap, and elbow grease. We do no ma- 
chining or reboring because, generally, replacement is cheaper 
and safer from every angle. Above the repair benches are 
marked and lettered compartments for the various parts of any 
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MUELLER BRASS CO. 


Port Huron, Michigan | 
STREAMLINE Copper Pipe and STREAMLINE Solder Fittings for Water Service Work 


In 1924 the Mueller Brass Co. originated and were 
the first to introduce a product then known as Mueller 
Copper Service Pipe and Flared Fittings. This was 
a distinct innovation and was conceded to be the most 
revolutionary contribution of the time for water ser- 
vice purposes. 

Waterworks’ engineers and superintendents prefer as 
soft copper pipe as possible for water service work. 
STREAMLINE Type K Pipe is consistently and 
uniformly soft. It is made from Virgin Copper Ingot 
consisting of at least 99.94% copper and throughout 
every phase of its manufacture is under rigid and 
constant laboratory control. From the time we 
started to manufacture this product in 1924, and 
throughout the years since, we have produced the 
best and the softest pipe that can be made for water 
service work. 


RUST PROOF 


STREAMLINE Copper Pipe is rust-proof and is 
superior to any other metal for service pipe work. 
Under normal conditions of soil and water, it will 
last for generations, and will deliver its full capacity 
of water free from foreign particles as clear and 
pure as it is in the water main. 


FLEXIBLE 


STREAMLINE Copper Service Pipe is exception- 
ally and uniformly flexible. It can be very quickly 
and easily bent around comparatively sharp radii 
without annealing or loading. It may easily be bent 
around obstructions encountered in the trench with 
a great deal less cost than would be entailed in re- 
moving the obstruction. 


REASONABLE COST 


Copper Pipe connected with STREAMLINE Fit- 
tings is very reasonable in cost, 
although naturally a little more 
expensive than rustable pipe. It 
really costs a great deal less over 
a period of time, because replace- 
ments are eliminated owing to 
the rust and clog-proof proper- 
ties of STREAMLINE Type K Copper Pipe. 
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COUPLING 
Copper to Copper 


VIBRATION PROOF 


STREAMLINE Copper Pipe connected with 
STREAMLINE Solder Fittings is free from the 
harmful effects of vibration. Vibration is not local- 


ized at the joints as it is with threaded or flared fit- 
tings, but is harmlessly dissipated throughout the 
service line. 





PERMANENT 


STREAMLINE Copper Service Pipe is permanent. 
Once installed it may practically 
be forgotten; it will give no fu- 
ture trouble. For years it will con- 
tinue to give the same uninter- 
rupted service and undiminshed 
flow of water. 





COUPLING 
Copper to Iron 


SETTLEMENT AND FROST ACTION 


STREAMLINE Copper Service Pipe is so ductile 
that it will stretch enough to easily take care of any 
settlement of filled earth, or, in fact, anything that 
might impose a strain on the service line which would 
cause failure of rigid ferrous pipe or, at the very 
least, cause leakage at the 
threaded connections. 


In the Northern States and in the 
Dominion of Canada, copper ser- 
vice pipe of our manufacture has 
an outstanding advantage that 
places it far in advance of any 
other service material. This ad- 
vantage is its resistance to frost 
action. This service pipe containing water under 
almost any range of pressure used in water service 
work can be alternately frozen and thawed out for a 
considerable number of times without showing any 
effect except a slight increase in diameter. 
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STREAMLINE SOLDER FITTINGS 


The STREAMLINE Solder Fitting is connected to 
the pipe by feeding solder through a feed hole in the 
fitting. Capillarity causes the solder to thoroughly 
bond the pipe to the fitting and produces an en- 
ormously strong joint. 
This joint is so strong 
that if, for instance, two 
34” sections of pipe are 
connected with a 3” 
coupling and pulled in 
the Olsen Testing Ma- 
chine, it requires ap- 
proximately 9000 pounds 
per square inch before a failure occurs, and this fail- 
ure is always in the pipe itself, and not in the joint. 
This is, of course, far beyond anything it would be 
required to stand under actual service. 





ELBOW COUPLING 


Copper to Inside Thread 





A copy of Catalog W-3, fully illustrating and describ- 
ing these products, together with simple instructions 
for connecting, will be sent upon request. 


STREAMLINE Fittings are manufactured under 
Patents 1,770,852, 1,776,502, 1,890,998. 
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size or make of meter. This is part of our permanent running 
inventory system. Each closed bin contains a different part 
and each bin is numbered. When the men need any new part 
for any meter they must mark on their ticket the number of 
such parts used as well as the bin number from which it was 
taken. A regular inventory clerk can thus keep, from these 
cards, a daily record of just what parts were used and how 
many of each part remains in stock. He has a standard min- 
imum of each part that should be kept in stock. He can daily 
or on a moment’s notice notify the department head just what 
parts are needed and how many of each, and they are then 
requisitioned and ordered. Again this inventory system, though 
simplicity itself, affords an easy check on costs, new parts re- 
quired, etc. 

Each man averages between fifteen and twenty meters a day, 
completely cleaned and repaired. The average cost, not includ- 
ing overhead, runs about fifty cents a meter for tests and re- 
pairs. We use about fifty new discs a month. Bottom bolts 
and gaskets most often need replacement. A meter is scrapped 
only after it is completely a liability. We have returned to ser- 
vice meters, after overhauling and cleaning, which have been 
in the ground forty years and more. One man at another bench 
takes care of the registers, setting back to zero, lubrication, 
etc. We solder the counters and thus avoid ruining the gears 
by running counters back speedily with a motor driven disc. 
After cleaning, the registers of all meters are then dipped in 
hot oil and drained. This oil is fine, and not too thick for 
frigid weather. The meter shop is kept clean and each man 
knows just what he must clean up before he leaves. The work 
has been divided. The floor is waxed and a heavy, linked rub- 
ber carpet stretches all along the repair and test benches. On 
Saturday of each week larger meters, from one inch to six 
inch, are tested and repaired. Of course this work is slower 
and more tedious than that on % inch meters. A healthy spirit 
of competition, a desire to keep the meter shop clean and a 
pride in repair average, can work wonders if engendered and 
encouraged. 


Meter Recording Office 


On the same floor is our enclosed meter record office. The 
head of the Meter Department and clerks keep all records of 
all meters. We keep two cards on each meter—one according 





Testing Benches and Equipment, Meter Shop, 
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to make and serial number and one according to the book and 
page number in the meter readers’ books. All information— 
address, make, size, serial number, purchase date and price, sets 
and resets, tests and repairs, are kept on these cards. Any in- 
formation concerning any meter in service at any address, any 
meter in the stock room, or in the shop, is available at all times 
The city is divided into districts, lettered alphabetically, and a 
reference from card to meter books gives all information con- 
cerning reading, leaks, etc. The two sections of the numbered 
cards are filed separately after the information thereon has been 
transcribed to the other set of cards. These test and repair 
cards give the final shop information on any particular meter. 
This system of checks and balances assures accuracy, perma- 
nency, and simplicity. All necessary information is always at 
hand and any meter can be traced from the moment we receive 
it until we scrap it. We are at present about 75 per cent me- 
tered and have in the ground approximately 50,000 meters. 


Selecting Meters 


When purchasing a water meter three things must be taken 
into consideration, namely, accuracy, endurance, and interchange- 
ability. It was our desire to find out just what meters would 
be most dependable under Louisville water conditions and with, 
this idea in mind we have been conducting a series of tests with 
new stock meters. Ten of each make are tested at a time. The 
new meters are tested, as received, on flows of ten gallons a 
minute, one gallon a minute, one-fourth gallon a minute and one- 
twelfth gallon a minute. These same ten meters are then placed 
in an endurance test box in the basement and the water used 
in our building allowed to run through them until they register 
all average of five hundred thousand (500,000) gallons. We 
can vary this flow in the building as desired. 

They are then taken back to the shop and retested exactly as 
above. The figures are then averaged, with emphasis on the ay- 
erage percentage of inaccuracy, and blue prints are made of the 
records for permanent filing Next, these meters are taken 
apart and thir parts interchanged. They are run then for ap- 
proximately one hundred thousand gallons and retested again 
according to the former specifications. Finally they can be run 
on an absolute endurance test, which of course takes time, until 
one or more meters in any series breaks down. Faulty meters 
are taken apart and the cause of such break down investigated. 


— 
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LIQUID CHLORINE* 


































Properties of Chlorine 


Chlorine is never found free in nature. Gaseous chlorine is 


n- manufactured by the electrolysis of a sodium chloride solution. VOLUME-TEMPERATURE RELATION 


OF 
LIQUID CHLORINE CONTAINERS 


ed It is then purified and liquefied by a process of compression 
-n and refrigeration. As an article of commerce, chlorine is an 
ir amber-colored liquid approximately one and one-half times as 
f: heavy as water. It is marketed in steel containers which are 
“a under pressure. In Fig. 1 is shown the relation between tem- 
at perature and vapor pressure. 
e When the pressure is released, liquid chlorine volatilizes into 
‘ a greenish-yellow gas which is approximately two and one-half 
times as heavy as air. Chlorine is non-inflammable, non-explo- 
sive, and a non-conductor of electricity. Generally speaking, 
in the absence of moisture it is not corrosive to common metals. 
n In the presence of moisture gaseous chlorine reacts avidly with 
‘ a majority of known substances. 
Following is listed the more important chemical and physical 
i 


Per. Cent Liquid Volume 





properties of chlorine at standard conditions (32° F. and 1 atm. 


pressure) unless otherwise noted : emeemen Oui: Readies 
Atomic Molecular Fig ‘: 
Chemical Symbol for Chlorine.... Cl Cl, : 

Chemical Weight Relationship... 35.40% 70.y14 

Gaseous Chlorine Liquid Chlorine 
Specific Gravity ........ 2.49° (air = 1) 1.477 (water = 1) 
Weight per Cubic Foot... 0.201 Ib. 91.70 Ib. 
Volume per Pound ...... 4.98 cu. ft. 0.011 cu. ft. 
Specific Heat ........... 0.22307 gssiss sts SOLUBILITY OF CHLORINE 
Ce FR 0 Seika wee ESW Hive ene — 28.5° F.f sbs5ts 3, Es: ; . 
<a SS a Ge tele SE rR RRR ER —151.6° Ft ists: as stn IN WATER (Winkler) 
Latent Heat of Evaporation ............. 121.0 B.t.u.7 
CrOICAT “TOUOTEGINS ao ods bic cecincesccicss 294.8° F.f 
Pressure at Critical Teniperature ......... 1233 lb. per sq. in. 
ES WO RE 6 wings cs vase aces 0048 456 vol. gas 


*Leduc 7 Kneitsch tLange 





Per Cent Chlorine 























TEMPERATURE-PRESSURE CURVE 
OF 
LIQUID CHLORINE (Knietsch) 














Temperature —Degrees Fahrenheit 


Fig. 4 





A better visualization of those properties which are more serv- 
iceable can be obtained by studying the following charts and 
tables. 

The compressibility coefficient of liquid chlorine is more than 
that of any other liquid element (approximately 0.0118% vol. 
/atm.). Its density decreases quite rapidly with increasing 
temperature. It is obvious from an examination of Figure 3 
that above 156° F. a cylinder loaded to legal limits is subjected 
to hydrostatic pressure which will rupture it. Therefore, it is 
most important that the cylinder be kept safely below this tem- 
perature in any circumstances. 

Chlorine is only slightly soluble in water. As depicted by 
Figure 4, its maximum solubility in distilled water is approxi- 
mately 1% at 49.2° F. Below that temperature chlorine crys- 
tallizes in the form of chlorine hydrates, their composition de- 
pending upon conditions. 























Gage Pressure —Pounds per Square Inch 


Liquid Chlorine Containers 


Cylinders 
Cylinders for shipping liquid chlorine by express, less carload, 
or box carload freight, are of various sizes ranging from 10 
pounds net to 150 pounds net. 
WEIGHTS OF 100 AND 150-LB. CYLINDERS 

















ee Chic oad 6s ska worse wes 100 pounds 150 pounds 
Average Tare Weight ............... 93 pounds 123 pounds 
Average Gross Weight .............. 193 pounds 273 pounds 








Minimum carloads comprise one hundred and fifty 100-pound 
cylinders or one hundred and eleven 150-pound cylinders. 

Figure 6 illustrates the standard chlorine cylinder valve de- 
signed by the Chlorine Institute and now used by nearly all 
chlorine shippers. The stem “A” is of Monel metal and one 
complete turn in a counter-clockwise direction opens the valve 
so as to permit the maximum discharge of gas. A “frozen” 






























































Temperature—Degrees Fahrenheit a 
*From a bulletin on “Liquid Chlorine,” prepar-4 and distributed 
by Pennsylvania Salt Mfg. Co., March, 1936. 






Fig. 1—Relation between Temperature and Vapor Pressure 
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stem can usually be freed by slightly loosening the packing nut 
“C,” tapping the top of the stem lightly, and then giving the 
valve wrench a sharp rap. with the palm of the hand. The body 
“B” is a bronze and all connections to it are tightened by turn- 
ing in a clockwise direction. Gas leaks around the stem can 
be checked by tightening the packing nut. Under no circum- 
stances tamper with safety plug “D.’ It is below the valve seat 
and, therefore, cannot be controlled by the valve. Fusible metal 
in this plug softens at temperatures exceeding 157° F., hence 
cylinders should never be exposed to such temperatures for even 
short durations. 

The valve outlet threads are standard 34-inch hose coupling 
to which an auxiliary valve (containing a fiber or lead gasket) 
may be connected. However, these threads are bronze and are 
easily damaged. The clamp and adaptor 
shown in Figure 7 is the more practical 
type of connection. 


ag 


Handling Cylinders 

The handling of cylinders requires no 
expensive equipment. It is preferable 
that they be transported and stored in 
an upright position. Light, rubber-tired, 
two-wheeled trucks are convenient for 
moving them on level floors. Where 
cylinders have to be lifted above the 
ground floor a crane, or hoist, equipped 
with a special cradle, or carrier, should 
be provided in the absence of an elevator. 


The maximum discharge rate of chlor- 
ine gas at 70° F. is approximately 35 
pounds per 24 hours for a 100- and 150- 
pound cylinder. This rate may be in- 
creased by improving the circulation of 
air around the cylinder, or by raising the 
temperature. Under no _ circumstances 
should the application of heat be made 
directly to the fusible plug. The prac- 
tical method of heating cylinders is by 
means of a thermostatically controlled 
water bath in which the temperature is 
limited to 100° F. Even this procedure 
is questionable if used in conjunction with 
a chlorinator because uneven tempera- 4 
tures prevail which in turn cause con- 
densation difficulties. Where chlorine is 
used in equipment operating under cylin- 
der pressures, it is essential that the 
cylinder temperature be no higher than 
that of the gas lines or chlorinator. 
Otherwise condensation will certainly oc- _. ; - 
cur with attending operating irregulari- /#9- 5—Various Sizes 
ties. (See Fig. 9.) of Cylinders 


As soon as the cylinder is emptied, suction is set up tending 
to draw water and foreign matter back into the cylinder. This 
has caused several cylinder failures which could have been 
avoided by closing the cylinder valve as soon as the cylinder is 
empty. 














a> 
kK—10—4 
k— 04-4 


Cross Section of 100- and 
150-Pound Cylinders 


Multiple Unit Tank Cars—Ton Containers 


The multiple unit tank car is adapted for large chlorine con- 
sumers who desire a more flexible unit than the standard chlo- 
rine tank car. It consists of an un- 
derframe carrying 15 one-ton 
drums. Classed as a tank car, the 
underframe and units are subject 
to free freight movement both 
ways, freight being assessed only 
on the net contents of the car. 

Each of the unit containers holds 
2000 pounds of chlorine. This ship- 
ping container is authorized by the 
Interstate Commerce Commission 
for common carrier movement only 
as an integral part of a fifteen unit 
car. Multiple unit and tank cars 
may be consigned only to private 
sidings, or to approved public sid- 
ings. (Par. 431B I. C. C., Regula- 
tions as amended 1933.) Where un- 
loading conditions are ideal it is a 
useful package of chlorine because 
its units are of such size as to per- 
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Fig. 6—Cross Section of 
Standard Cylinder Valve 








mit reasonable movability yet not requiring the frequent changing 
necessary when using small cylinders. 


Each container is equipped with 2 valves, 2 internal eduction 
pipes, 3 fusible (157° F.) safety plugs in each end, and a re- 
movable valve hood. The valves are identical with the standard 
cylinder valves, except they are provided with larger internal 
valve openings and are not fitted with safety plugs. 


Multiple unit tank cars are not recommended for plants using 
less than 200 pounds of chlorine per day. 


Handling Ton Containers 

Due to the size and weight of ton containers, special equip- 
ment is required for unloading and transporting to storage or 
service rooms. Stationary or movable cranes, travelling over- 
head rail hoists, trucks, and dollies have been employed to meet 
the peculiar needs of individual plants. Some type of lifting 
rig is necessary for use with cranes or hoists. 





t 
Adaptor 
Fig. 7—Clamp and Adapter 


Containers are more easily handled and serviced from a prone 
position. Before servicing the container should be rolled or 
adjusted so one valve is directly above the other as shown in 
Figure 12. In this position, liquid chlorine may be discharged 
from the bottom valve and gaseous chlorine from the top valve. 
Some p.ants concerned only with the application of gaseous 
chlorine prefer to up-end the containers for storing and serv- 
icing, which procedure produces material saving in floor space. 

The clamp and adaptor connection previously illustrated is 
recommended as the most practical and flexible connection for 
container valves. Wrenches for operating these valves should 
never be longer than seven inches. 

Four hundred and twenty pounds per 24 hours is approxi- 
mately the maximum rate of gas withdrawal for a ton-container 
at 70° F., operating against 35 pounds per square inch back 
pressure. This rate may be increased by improving the air 
circulation around the container, or by raising the room tem- 
perature. Ton containers should never be subjected to the direct 
application of heat because of the danger of melting the fusible 
plugs. 


Single Unit Tank Cars 

Single unit chlorine tank cars are of two sizes, holding ap- 
proximately 32,000 and 60,000 pounds of chlorine each. Located 
in the dome are two liquid withdrawal valves on the longitu- 
dinal axis, two gas valves on the transverse axis, and a safety 
valve. Each liquid eduction pipe is fitted with a vertically act- 
ing ball check which stops the flow of liquid chlorine from the 
car in case of unloading line breakage, sudden opening of valve, 
or very heavy withdrawal rates. 

The withdrawal of gaseous chlorine from any liquid chlorine 
container causes refrigeration and subsequent pressure reduction 
in the container. This effect is markedly increased by the cork 
insulation on single unit tank cars, and consumers purchasing 
their chlorine requirements in single unit. tank cars may find it 
necessary to use liquid chlorine vaporizers on their operation 
requiring chlorine gas. Vaporizers usually employ hot water 
or steam as their heat sources, and may be equipped with either 
open or closed jackets. 


Piping and Fixtures 


A copper tubing built for 500 pounds per square inch work- 
ing pressure is the preferred material for connecting all chlorine 
containers to permanent pipe lines. 


Dry Chlorine 


Black iron pipe is recommended as the preferable material for 
dry gaseous or liquid chlorine, although steel, copper, or other 
metal piping which will resist high pressures may .be used. 
While standard weight pipe is satisfactory for all normal chlo- 
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THE MATHIESON ALKALI WORKS (INC.) 


60 East 42nd Street, New York, N. Y. 


BRANCH OFFICES 


Charlotte, N. C. 


Houston, Tex. Philadelphia, Pa. 


Chicago, III. 


Cincinnati, O. 


Providence, R. I. Washington, D. C. 


PLANTS 


Niagara Falls, N. Y. 


Lake Charles, La. 


Saltville, Va. 





MATHIESON LIQUID CHLORINE 


Waterworks operators have been specifying “Mathieson” 
since the pioneer days of shipping liquid chlorine. Increas- 
ing quantities are also being used for sewage chlorination 
throughout the country. For sterilization of swimming pools, 
Mathieson Chlorine assures safety through trouble-free 
operation. 

Modern container equipment, regularly inspected and con- 
ditioned, safeguards the original purity of Mathieson 
Chlorine. Every container is checked and rechecked to safe- 
guard the purity of the product and insure all equipment 
arriving in perfect order. All valves, threads and other con- 
tainer parts must be clean, accurately placed and in efficient 
working condition. Convenient warehouse stocks of Mathie- 
son Chlorine make it immediately available. 

Mathieson Liquid Chlorine for water works use is shipped 
in a special group of aluminum-painted standard steel cylin- 
ders of 105 and 150 pounds net. In addition to standard 
cylinders, multi-unit tank cars carrying 15 one-ton container 
units have become increasingly popular among large munici- 
pal consumers. 


Handling Chlorine Safely 


To assure safety and efficiency in the handling of chlorine 
containers, Mathieson offers free of charge to chlorine con- 
sumers an attractive wall chart containing information that 
will eliminate needless hazards and remove unfounded fears. 
We shall be glad to supply you with one or more of these 
wall charts to post in appropriate locations. 


MATHIESON ANHYDROUS AMMONIA 


To water works, swimming pools, etc., using the ammonia- 
chlorine treatment, Mathieson’s unique position as a producer 
of both liquid chlorine and anhydrous ammonia is particu- 
larly advantageous. Ordering is more convenient—receipt of 
shipments and return of containers is simplified. Technical 
assistance comes to you from those competent to discuss 
both products. 

Meeting the highest published specifications for purity, 
Mathieson Anhydrous Ammonia is shipped in container 
equipment which receives the same careful servicing and 
checking, accorded to that for Mathieson Liquid Chlorine. 
Mathieson Ammonia is available in 50-lb., 100-lb., and 150-Ib. 
cylinders from 46 warehouse stocks throughout the country 
and at eight convenient base points. 


HTH 
True Calgium Hypochlorite 
While liquid chlorine will no doubt continue to be the chief 


source of supply for large scale chlorination operations, 
H TH solves many a treating problem where difficulties of 





transportation and application make liquid chlorine either 
impractical or uneconomic. Simple equipment for propor- 
tioning feed of hypochlorite solutions made from H T H has 
widened the range of usefulness for this product for continu- 
ous chlorination of smaller water supplies. Moreover, at 
both large and small water works, H T H meets the re- 
quirements of a reliable emergency or stand-by source of 
chlorine as no other material is capable of doing. 

H T H is a true calcium hypochlorite (Ca(OC1).) contain- 
ing over 70% available chlorine. It is a dry, free-flowing 
powder which dissolves quickly in water. Extremely stable, 
H T H keeps its strength even after months of storage at 
summer temperatures. 

The 334-lb. cans of H T H, packed 12 to the case, are par- 
ticularly convenient for hypo-chlorination of pipe lines, iso- 
lated water supplies and at locations where transportation 
of the chlorine carrier is a troublesome factor. For con- 
tinuous or emergency hypo-chlorination of water supplies, 
the 75-lb. drum is an economical package. 


Hypo-Chlorination of Water 


“Hypo-Chlorination of Water,” a 72-page handbook by 
Walter L. Savell, contains a complete discussion of such 
water treatment problems as: Combating algae and slime 
growths; conditioning filters, sterilizing filter sand; disin- 
fecting new reservoirs, basins, tanks; sterilizing water mains; 
feeding hypochlorite—selection of equipment; insuring safety 
in emergencies. We shall be glad to send you a copy of 
this handbook free of charge. 


OTHER MATHIESON CHEMICALS 


Light Soda Ash—58%. Shipped in 100-, 150-, 200-, and 
300-lb. bags; 300-Ib. barrels, and in bulk. 


Caustic Soda—76%. Solid caustic shipped in 730-,-and 700- 
lb. drums. Flake caustic shipped in 50-, 100-, and 400-Ib. 
drums. 


PH-Plus (Fused Alkali). A special moisture-free alkali 
for water treatment, fused at 2,200° C. and cast in ™%-lb. 
conical cakes. The cakes have a purity and rate of solution 
particularly desirable for pH control of swimming pool water 
and general industrial water treatment. In drums of 115 Ibs. 
net, and in barrels of 200 lbs. net. 


Bleaching Powder. Available chlorine content—35-37%. 
Shipped in special galvanized steel drums of 300 and 800 lbs. 
average net weight. 


C C H (Industrial Hypochlorite). Water works consumers 
planning to use substantial quantities of hypochlorite for 
water or sewage treatment are invited to consult with the 
Mathieson technical staff concerning the possible use of 
C CH, an industrial hypochlorite containing over 70% avail- 
able chlorine. 
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Fig. 9—Condensation Difficulties Caused by Uneven Temperatures 


rine pressures, the extra heavy variety is recommended as safer 
and more practical since abnormal temperatures caused by fires, 
mechanical strains due to displacements, and corrosion produced 
by the entrance of moisture are all factors which should be 
considered. Liquid chlorine lines should be as free from bends 
and obstructions as possible. Where maximum discharge rates 
or lifts are required, pipe friction losses should be reduced by 
using lines of % inch or more in diameter. 


Hard rubber pipe is satisfactory for chlorine gas, but should 
never be used for conveying liquid chlorine. Pressure should 
not exceed 50 pounds and 80 pounds for the standard and extra 
heavy hard rubber pipe respectively. Lines conveying gaseous 
chlorine should be run on a continuous upgrade im order that 
condensed (re-liquefied) chlorine will run back into the con- 
tainer. Where this is impractical, drip legs should be provided 
in the low points of the pipe line. These legs should terminate 
in pockets which will assure evaporation of the liquid chlorine. 
Blow-off cocks or other bleeding arrangements are not recom- 
mended since they are both dangerous and unnecessary. 


Pipe joints may be made with standard couplings, unions, or 
flanges. Standard ammonia flanges are preferable, since their 
use permits easy inspection and repair to lines. Gaskets should 
be of lead or asbestos composition. Only special valves for 
chlorine service should be employed. Usually, the body is of 
steel or special bronze, and the stem is of Monel metal. Graphite 
coated asbestos and rubber covered asbestos are recommended 
for packing. Flanged valves are preferable. Gauges should be 
of the diaphragm type for chlorine service. Equipment and 
lines carrying dry chlorine should not be exposed to excessive 
heat. 


Wet Chlorine 


Wet chlorine is very corrosive to all of the common metals. 
Materials contacting it must be of earthenware, glass, rubber, 
one of the special alloys, or noble metals. The handling of wet 
chlorine is an individual plant problem and specific recommen- 
dations can be made only after a survey and study of the vari- 
ous factors involved. 


Handling Chlorine Leaks 


(The safety information in the following paragraphs has been 
taken largely from Sale Practices Pamphlet No. 71 of the Na- 
tional Safety Council, as recommended for revision by The 
Chlorine Institute in December, 1935. For more complete safety 
information write the National Safety Council, 20 North Wacker 
Drive, Chicago, Illinois.) 


The ventilation provided for the chlorine room, mechanical 
or otherwise, should be of such nature as to remove and dissi- 
pate the gas with the least injury to persons and property. 


Stand leaking container upright if possible. This will pre- 
vent the escape of liquid chlorine and under these conditions 
vaporization diminishes rapidly as natural chilling takes place 
and the escape of chlorine into the air will then be very slow. 
Ton containers have two valves, and in case of a leaky valve, 
the container should be rolled so the valves are in vertical plane 
with the leaky valve upward. In this position the valve will 
leak chlorine gas, not liquid chlorine. 


In case of accident indoors, every effort should be made to 
remove the leaky container outside the building. Water played 
on a gas tank will not stop the leak. Water in large quantities 
played on a cylinder gas leak will assist in diluting and dissi- 
pating the gas. Water played on a liquid leak may provide 
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Fig. 12—Cross Section of a Ton Container 











PENNSYLVANIA SALT MANUFACTURING CO. 


EST. 1850 
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Widener Building, Philadelphia, Penna. 


Offices: New York Chicago 


St. Louis 


Pittsburgh Tacoma Wyandotte 





PENN/SYVUVANIA/SALT 





CHLORINE 


The Liquid Chlorine supplied by 
Pennsylvania Salt Manufacturing 
Company is uncommonly pure. It 
contains no “taffy” or other sub- 
stances to cause chlorinator irregular- 
ities. That is one reason why the 
Chlorine made by this Company has 
won the complete confidence of water 
works engineers and municipalities in 


all parts of the country. 


PERCHLORON 


An auxiliary hypochlorite installa- 
tion with an ample supply of Per- 
chloron is a sure safeguard against 


trouble in emergencies such as floods, 


fires, and similar occurrences beyond 
human control. With its available 
chlorine content of more than 70% 
and its excellent “keeping” properties, 
Perchloron is invaluable standby pro- 
tection. Packed 12 handy-sized cans 
to the case—no return containers to 
bother with. 

A new 36-page booklet has been 
prepared covering the uses of. Per- 
chloron for Swimming Pool Sanita- 
tion, Water Purification, and Sew- 
age Treatment. There are data on 
preparing Perchloron solutions, 
emergency feeding, determination of 
residual chlorine, and other useful 
facts. Write for this booklet today— 


it is free. 
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chlorine hydrate from which the evaporation of gas is slow. 
These operations should only be undertaken by a competent 
person wearing an approved gas mask in good order. When a 
pond or large body of water is nearby, the leaking container 
should be submerged in the water. Loose earth, cement, lime 
(both slaked and unslaked), and heavy textiles (both wet and 
dry), such as bagging and felt, will act as an absorbent or 
blanket. 

It is illegal to ship a defective or leaking chlorine container. 
If there is an accident, telephone the car owner or nearest chlo- 
rine plant for assistance. The telephone numbers and residence 
addresses of the nearest chlorine plant organization members 
should be posted in the office of the person in charge of the 
handling of chlorine in the plant of the user, and in the office 
of the manager. 


Gas Masks 

It is imperative that some form of protection be provided for 
emergencies. Several types of gas masks approved by the U. S. 
Bureau of Mines and suitable for high concentrations of chlo- 
rine are available. For this purpose, a sufficient number of 
suitable gas masks should be on hand and located at a readily 
accessible point outside the area likely to be affected in case of 
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Fig. 17—Details of Dome and Inner Shell of Single Unit 
Chlorine Tank Car 
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accident. The instructions accompanying a mask concerning its 
care and use should be obeyed implicitly. Everyone who is in 
danger of being accidentally exposed to high concentrations of 
chlorine should be provided with a gas mask, preferably to be 
used by no one else. He should be familiar with the instruc. 
tions accompanying it and trained to hold his breath and to put 
the mask on quickly and properly. Periodic strict inspection 
and maintenance of approved gas masks are essential. 





Safety Cylinder Handling Carriage 


The accompanying pictures and detail sketch illustrate a novel, 
efficient and inexpensive carriage for transport of cylinders con- 
taining chlorine, ammonia or other compressed gases. 


The device was designed and constructed from the wheels 
and front axle of what was once a Model “T” Ford automo- 
bile. Its ease of handling is self evident and its use saves many 
a “weak back” and avoids dangers of injury to the “strong 
men” around water and sewage plants. 
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Model “T” Cylinder Carriage 


Unique Carriage Designed for Cylinder Handling at the Water 
Purification Plant of the Philadelphia Suburban Water Co. 


To Edward J. Jenkins of the Philadelphia Suburban Water 
Company, Bryn Mawr, Pa., we are indebted for the illustrations 
of this unique cylinder truck which was developed in the above 
plant under his supervision. 


In Position Ready to Ride 











S in 
} of 


be 


put 
tion 


vel, 
on- 


els 
no- 
iny 
ng 





















WALLACE & TIERNAN CO., INC. 


Manufacturers of Chlorine and Ammonia Control Apparatus 
Dry Chemical Feed Devices, ete. 
NEWARK, NEW JERSEY 


“The Only Safe Water 


Boston Chicago Detroit 
Bridgeport Cleveland Indianapolis 
Buffalo Columbus Jacksonville 
Charlotte Dallas Kansas City 
Chattanooga Denver Knoxville 


WALLACE & TIERNAN, Ltd., Toronto, Canada 
WALLACE & TIERNAN, Ltd., Winnipeg, Canada 


Is a Sterilized Water” 


Lexington Omaha Seattle 

Los Angeles Philadelphia St. Louis 
Madison Pittsburgh Syracuse 
Minneapolis Roanoke Washington, D. C. 


Oklahoma City San Francisco 


WALLACE & TIERNAN, Lid., Montreal, Canada 
WALLACE & TIERNAN, Ltd., London, England 








Two Visible Vacuum Chlorinators—I1 Manual and 1 
Automatic—and Automatic Ammoniator installed at 
Greenville, S. C. 


CHLORINATION 


Chlorination is the accepted standard of sterilization in water 
works practice. Costing only a few cents per million gallons 
of water treated, easily applied, simply controlled and positive in 
bactericidal action, it has contributed more than any one other 
measure in reducing America’s typhoid death rate from 30 per 
100,000 to less than 3. Whether the source of supply is polluted 
surface water or clear, sparkling well or spring, its purity should 
be insured by the certain protection chlorination provides. Over 
20,000 units of Wallace & Tiernan equipment in all parts of the 
world attest the universal accord with which chlorination and 
W&T Chlorinators are accepted. 





Visible Vacuum Control in low capacity equipments 
—Duplicate ‘“Equiscale’’ Chlorinators at New 
London, Conn. 





AMMONIATION 


The ammonia-chlorine process of water treatment has passed 
beyond the experimental stage and is accepted as a definite and 
valued aid in water works operation. Chloramine—formed by the 
combination of chlorine and ammonia—while somewhat slower 
in bactericidal action than chlorine, offers many distinct advan- 
tages. Chloramine residuals persist over long periods and are 
tasteless and odorless. Chlorophenol and certain organic tastes 
and odors are prevented. 


Chlorinous tastes are eliminated, this being of particular advan- 
tage on small gravity water supplies with widely fluctuating flows 
and with a chlorinator operating at a fixed rate at considerable 
distance from the town. Aftergrowths in the distribution sys- 
tem are destroyed and algae control made far more efficient owing 
to the persistent residual being carried through basins, filters and 
reservoirs. Finally, and most important, a new factor of safety 
is added by maintain- 
ing sterilizing action 
throughout the distri- 
bution system to the 
consumer’s tap, thus 
eliminating all dangers 
of subsequent pollution. 


APPLICATION OF 
DRY CHEMICALS 


The development of 
dry chemical applica- 
tion has been of great 
value in both sanitary 
and industrial fields. 
Difficulties from leaking 
tanks, corroded constant 
level boxes, clogged 
orifices, broken valves, 
and all the untidiness 
and disagreeable fea- 
tures incident to solu- 
tion feed systems are 
eliminated. Of particu- 
lar advantage in filter 
plants for applying 
alum, lime, soda ash 
or carbon, dry chemical 
application effects large 
savings in labor and 
materials. 


Type MOF Dry Chemical Feeder for 
accurate control of Alum, Lime or 
Activated Carbon. 


W&T EQUIPMENT 


Complete in both arrangement and capacity, the W&T line of 
Chlorinators, Ammoniators and Dry Chemical Feeders is de- 
signed to meet every water works requirement. Long life, low 
maintenance and utmost accuracy and dependability characterize 
each installation, reinforced by the services of a nationwide or- 
ganization operating from 29 Sales and Service Headquarters. 
The recommendation of W&T field representatives involve no 
obligation. Feel free to call on them. 


Current literature on the many phases of chlorination, am- 
moniation and dry chemical feed is available on request. 











































WATER WORKS AND SEWERAGE DATA 








SOME PRACTICAL ASPECTS OF HANDLING CHLORINE 





By CHRIS F. BBNGHAM* 
Barberton, O.. 


There appeared in the September, 1935, issue of the Journal 
of the American Water Works Association a valuable report, 
dealing with chlorine, by the Committee on Chemical Hazards in 
Water Works. This paper is intended to record various prac- 
tical experiences in chlorine handling and opinions that in their 
nature had no place in the above committee report. However, 
the writer will quote freely from the report, where deemed ad- 
visable, and recommends that those interested procure a copy 
of the journal containing it. 


Properties of Chlorine 


Chlorine gas is approximately two and one-half times as heavy 
as air at normal temperature and pressure, and hence, leaking 
chlorine, tends to settle and collect in low places and on the 
floor of an enclosed room. 


Chlorine is neither flammable or explosive. The dry gas does 
not attack iron, copper, or lead at ordinary room temperature. 
However, in the presence of moisture it is very corrosive and 
combines readily with most metals except those classed as the 
“noble” metals and special alloys. It is important to note that 
even the dry gas becomes very corrosive at temperatures above 
300 degrees F. and is likely to become so at temperatures as 
low as 195 deg. F. 


Chlorine Lines 


Rubber and the noble metals are sufficiently resistant to the 
action of wet chlorine to be satisfactory materials to handle 
either the moist gas or water solutions. Liquid chlorine in 
itself cannot, however, be used with hard rubber. During the 
last year and a half plant tests have been made in Richmond to 
determine the resistance of asbestos-cement pipe to chlorine so- 
lutions. As a result, the prechlorination and copperas-chlorine 
solution systems have been rebuilt using two and one-half inch 
“Transite”’ Class “B” pipe and Class “S” elbows. So far, this 
installation has given excellent service, the only difficulty en- 
countered was due to its brittleness and the lack of sufficient me- 
chanical support—a few sections of the pipe being broken by 
strains before adequately supported. The chlorine solution seems 
to “wet” the inside of the pipe to a depth of % to 3/16- 
inch and then stop, no further change was noted in the experi- 
mental installation or in the new permanent installation after 
two months of heavy use. 

Extra heavy iron pipe with wrought iron fittings and litharged 
joints should be used for the chlorine pressure lines. Litharge 
that has been opened for some time seems to form a carbonate 
coating on the particles which result in a never-hardening and 
oily joint compound which will allow the joint to leak probably. 
Only new litharge is recommended. Care taken in the correct 
installation of pressure feed lines is a thousand fold repaid. Am- 
monia valves (of steel) have been used in the chlorine pressure 
lines at Richmond with satisfactory results, but where possible 
the standard Chlorine Institute ton container valve has been 
used because of its convenience, economy and superior construc- 
tion. In general chlorine needle valves should have either Has- 
telloy “C” or Monel Metal stems, and joint valve bodies may be 
constructed of steel, brass or Hastelloy “C.” 


Soft copper tubing connections (cadmium plated) are used in 
connecting the one-ton chlorine containers to the piping system. 
We specify that a small wrench “hold” be milled on the bushing 
on the tubing, to allow holding the tube at the joint during 
tightening of the coupling. This, to prevent wringing off the 
tube at that point. The tubing becomes quite hard and rigid 
after continued service, but its ductility may be renewed by 
heating slowly to a dull red heat and quenching in water—the 
customary method of copper softening. 

Hard drawn copper fittings and pipe of the “Streamline” type 
also have been used with essentially pure silver as the solder in- 
stead of the regular solder, furnished for such pipe, which 
chlorine attacks. A silver coin will serve as satisfactory solder. 
High copper content brass fittings have been used with this type 
of pipe also and seem to work entirely satisfactorily. 


Avoiding Condensation Troubles 


The gas feed lines should, if possible, always be warmer than 
the chlorine containers to avoid condensation (re-liquifaction of 
chlorine) and consequent problems. These lines should also be 
run on a continuous upgrade from the containers in order that 
the condensed liquid chlorine will flow back to the containers, 
Such theoretical conditions cannot always exist practically and, 
in cases where this is impossible, drip-legs should be provided 
at every low point on the pipe line—especially so near the chlo- 
rinators. Blow-off cocks or other bleeding arrangements are 
not recommended since they are both dangerous and unnecessary, 
If the drip legs are so located that the room temperature does 
not keep the condensate vaporizing at a satisfactory rate, addi- 
tional heat may be applied by warming with a 100-watt electric 
bulb permanently installed beneath the leg. The size of the leg 
varies with the conditions, but it is recommended to be 1% times 
as large as the volume of the pipe line leading from the chlorine 
container to the leg. 

Chlorine reacts with grease and oil to form voluminous frothy 
substances; with gasoline and other petroleum distillates to form 
solid complex chlorinated hydro-carbons. Alcohol and ether, 
even in traces, are converted to solid waxy hexachloroethane. It 
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One of the Reducing Valves (Looking Down) on the Chlorine 
Feed Lines. It Is Located on the Manifold Just Beyond the 
Containers in the Outside Gassing. Chamber 
is important, therefore, that all grease, moisture, etc., should be 
thoroughly removed from chlorine lines during their erection. 
Methane derivatives, chloroform, wood alcohol, and catbon- 
tetrachloride are the only safe chlorine equipment cleansers to 

employ. 

Whereas, drip legs are very helpful, condensation ‘in chlorine 
lines should be avoided. If the gas leaving the container drops 
only a few degrees in temperature it will condense into a liquid 
in the feed lines and find its way into the chlorinators, with its 
consequent troubles. This condition can best be avoided by re- 
ducing the pressure at the containers to the lowest point per- 
missible for the proper operation of the machines. In fact, if 





*Plant Supt., Div. of Filtration, Dept. Public Utilities, Rich- 
mond, Va., at time of preparation of this article. Now Tech. 
Service Engr., Columbia Alkali Corp. 
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Handy Light Weight Safety Truck for Cylinder Handling 
(Courtesy Carl Leipold, Winnetka, IIl.) 


the line pressure be kept at 40 pounds per square inch or less no 
condensation can occur in the lines except at extreme cold tem- 
peratures. In Richmond, by keeping the reducing valves (in 
duplicate) set at 35 pounds per square inch, no liquefaction has 
resulted, although the chlorine feed lines are 400 feet long and 
the containers are in compartments outside of the plant which 
get quite warm in summer and also are artificially warmed in 
cold weather—an ideal condition for condensation in the feed 
lines. 

Chlorine, in distilled water, at 49.2 deg. F. will form chloral- 
hydrate, commonly referred to as “chlorine ice.” This condi- 
tion is frequently found in the trays of vacuum type chlorinators 
during cold weather; but may be overcome by placing an electric 
light under the tray of the chlorinator. At the same time, re- 
ducing the water flow through the tray is also helpful. Since the 
solubility curve is a very sharp one a rise of only one or two 
degrees of the water is sufficient to do away with the trouble. 


Container Temperatures and Pressures 


The per cent of container volume occupied by liquid chlorine 
in the containers, when loaded to the limit permitted by the Inter- 
state Commerce Commission regulations, is such that at 153.9 
deg. F. the cylinder becomes completely filled due to the expan- 
sion of the liquid chlorine. Liquids do not have the compressi- 
bility or cushioning effect possessed by gases hence any further 
increase in the temperature will cause enormous pressure in the 
containers. For this reason, fusible plugs are provided which 
are intended to soften at slightly above this temperature and 
thus relieve the dangerous pressure. It is important, therefore, 
to keep the cylinders below this temperature regardless of the 
amount of chlorine that they may contain. Experience at the 
Richmond plant justifies this warning. 

There are several practical precautions suggested by the above 
facts. Cylinders should never be directly heated by flame, steam 
or even electrical means that can exceed 160 deg. F. To avoid 
such hazard, warm air from the building is blown through an 


underground pipe to the containers which are housed in compart- 
ments outside of the plant. Secondly, a full cold chlorine 
cylinder has a lower pressure than one at room temperature; 
hence, if they are connected together as on a header, the cold 
cylinder will actually draw in chlorine. If the valve is then 
closed the overloaded cold cylinder may cause trouble when it 
becomes warm, even to room temperature. Hence, cylinders 
should be brought to about the same temperature before being 
connected together. As another example, the re-loading of con- 
tainers thought to be empty, is absolutely forbidden unless under 
technical supervision. 

If gas is drawn from a container, the pressure within the con- 
tainer will be reduced. If a constant supply of gas at constant 
pressure is to be maintained, then heat must be applied to the 
liquid in the container. The more rapidly the gas is removed, the 
more rapidly heat must enter. This is usually accomplished by 
increasing the room temperature. If instead of adding heat, the 
container is cooled—the pressure falls. This is why a leaking 
cylinder should be cooled as rapidly as possible. Different 
opinions exist as to the maximum rate that gas may be drawn 
from cylinders. Experiments at Richmond have indicated that as 
much as 800 pounds per day may be drawn from the standard 
one ton container, in the summer when indoors, with pressure 
maintained on the gas line at not less than 30 pounds per square 
inch. However, 400 to 450 pounds per day is about the maxi- 
mum successful continuous rate of supply from these containers. 
With the 150 pound cylinder the rate is about 30 pounds per 
day. Increasing the room temperature and providing air circula- 
tion will increase the rate of gassing. Especially so with a full 
cylinder because there is then a large area of the liquid exposed 
to the sides of the warmed container. Adequate air circulation 
is a considerable aid in maintaining sustained gassing rates. 


Handling Containers 


Containers are built of steel and may be safely handled with 
care. Dropping or bumping containers is extremely dangerous, 
and facilities used in handling should be carefully arranged to 
prevent such rough treatment. Hoisting is to be avoided if pos- 
sible. Low, rubber tired trucks are preferable if conditions 
allow. A rubber tired light weight hand-truck for 150 pounds 
cylinders, first used by Carl Liepold at Winnetka, IIl., plant has 
proven both safe and convenient. The overhead monorail sys- 
tem used in Richmond for ton containers, involves the use of a 
lifting hook used to reduce space and suitable for low head oper- 
ation on such a system. Out of doors storage is provided in 
racks, the enclosed section being the warmed gassing chamber. 
The maximum chlorine temperature yet found in these stored 
containers is 108 deg. F. or a pressure of 160 pounds which is 
amply safe. In warmer climates it may be well to shield stored 
containers from direct heat of the sun. 

Chlorine may be safely stored indoors. Having the containers 
in operation mounted near the control machine undoubtedly has 
its advantages. In small installations, having in storage or in 
use only a few 150 pound cylinders, this risk is not serious and 
the practice is to be recommended, but when larger quantities of 
chlorine are necessary the advantage of the out of door storage 
and gassing chamber, with only the chlorine feed lines and the 
machines in the building, is certainly evident. 


Ventilation Facilities and Leak Handling 


When storage and operating containers are indoors adequate 
and reliable ventilation is essential. Exhaust air ducts draining 
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air from the room should intake at the floor level and a fan forc- 
ing air into the room should drive the chlorine atmosphere di- 
rectly out of the building. Where steam is available, a suitably 
designed ejector system, with discharge to a sewer or stack, is 
perhaps the best disposition of the escaped chlorine. 

The use of neutralization tanks containing caustic, or attempt- 
ing to stop a leak by spraying water on the leak, or cooling with 
ice and salt, while theoretically correct, are of doubtful practical 
value. Practically it has been found at the Richmond plant that 
the best disposal is by submerging the cylinder, as for example, 
in the raw water flume, or other convenient large body of flowin 
water. “Dry Ice” (solid carbon dioxide), is the only eahed 
used successfully in cooling a cylinder to stop a leak by sufficient- 
ly reducing the gas pressure. 

A suitable number of gas masks, of a design approved by the 
U. S. Bureau of Mines, should be readily available in a con- 
venient location, and all employes should be trained in the cor- 
rect procedure in putting on the masks. There is quite a preju- 
dice among a large number of operators against the use of a 
mask in stopping small leaks. Contrary to general statements 
otherwise, that chlorine exposures produce no cumulative effects, 
the writer has noted cases of men repeatedly exposing them- 
selves to small concentrations and have ended up with irritations 
such as results from a heavy concentration. It is well to note 
that the life of a canister type gas mask of the soda lime-acti- 
vated charcoal type, depends not only upon the extent to which 
it is put to active service, but upon the storage conditions. Such 
canisters deteriorate rather rapidly when left open to the air 
and, therefore, the bottom opening of the canister should be kept 
sealed with the plug or disc supplied by the manufacturer. The 
useful life of a canister cannot be predicted and a fresh canister 
should always be available. Canisters should be replaced period- 
ically, regardless of use. 

Remember three simple rules in using a gas mask: 

1. Never use where there is any danger of a deficiency of 
oxygen. 

2. The life of the canister is an unknown quantity. 

3. Any gas mask job is a two man job. 

Even small chlorine leaks are dangerous and should be stopped 
immediately. A chlorine leak may be readily located by means 
of aqua ammonia. The best procedure so far found in Richmond 





el 


consists of the use of a “blow-bottle” here illustrated. This jg 

a bottle of suitable size to carry in one hand conveniently, A 

rubber atomizer bulb is attached and permits the operator to 
blow ammonia fumes from the bottle while holding the outle 

nozzle near the suspected leak. This outfit can be easily manipu- 

lated with one hand. 

Water played on a gas leak will not stop the leak, but in large 
quantities will assist in diluting and dissipating the gas. How- 
ever, water played in a liquid leak will provide chlorine hydrate 
from which hydrate the evaporation is slow. Such operations 
should be undertaken only by a competent person wearing an 
approved gas mask and such protective clothing as rubber gloves 
(loose fitting) and a rubber apron. 

There is so much difference of opinion (See A.W.W.A. Com- 
mittee Report, Jour. A.W.W.A., Sept., 1935) as to the best 
medical treatment to be given those suffering from exposure to 
chlorine; and the “Do’s and Dont’s” are almost as numerous; 
that the writer rafrains from expressing any opinion for anyone 
else’s use on this subject at this time. 


Flexibility of Chlorinator Service 


Chlorine control machines are relatively expensive, yet ample 
reserve against extra demands or repairs is absolutely essential 
in every plant. To reduce the number of machines needed, and 
yet leave reliable reserve at the Richmond plant has been in- 
stalled a most successful transfer system. Three points of 
chlorine application before filtration and four control machines 
are available on the transfer. By means of the transfer system, 
the opening of a valve permits any or all of the four chlorinators 
to supply any or all of the three points of application. By chang- 
ing hose connections two additional control machines may be 
substituted thus making six machines almost immediately avail- 
able at any point of chlorine application. Thus six machines 
give as reliable service as would ordinarily necessitate nine 
machines. 

The author wishes to gratefully acknowledge his indebtedness 
for the suggestions and criticisms of: M. C. Smith, Chairman 
of the A. W. W. A. Committee on Chemical Hazards in Water 
Works; L. H. Enslow, Research Engineer of the Chlorine Insti- 
tute, and Editor of WATER Works AND SEWERAGE, and to Carl 
Liepold of Winnetka, III. 





Experience in Sterilizing New Mains 
By CARL LEIPOLD 
Superintendent of Filtration, Winnetka, IIl. 


It was shown by tests made at the time of sterilizing a new 
pipe line that it is very essential that the water added to the 
pipe will distribute the applied “H T H” (calcium hypochlorite) 
uniformly through all parts of the new pipe. 

On completion of a new pipe line (Fig. 1) about thirty 
grams (a heaping handful) of “H T H,” representing a treat- 
ment of 100 lbs. chlorine per million gallons of water, was 
applied through a paper funnel placed in the neck of the cor- 
poration cock at connection “A” and the pipe was filled with 
water through valve No. 1. Residual chlorine tests made of 
the water samples collected from connection “A” after all the 
air was removed and the pipe was full of water, showed only 
10 to .20 p.p.m. of free chlorine. After a chlorine contact 
period of 3 hours, valve No. 2 was opened and the new pipe 
line was flushed through connection “A.” Residual chlorine 
tests made of the water samples collected from connection “A” 
showed a gradual increase of free chlorine and after 30 min- 
utes of flushing the test showed a deep red color. These results 
indicated that on filling the pipe line, the largest portion of the 
disinfectant had been carried to the far end of the pipe line 
near valve No. 2, leaving no chlorine for sterilization at the 
near end of the pipe line where introduced. 

On completion of another new pipe line (Fig. 2) the same 
sterilizing procedures were carried out as described above with 
the exception that a different method of filling the pipe line 
with water was employed. This pipe line was partially filled 
with water through valve No. 3 and then completely filled with 
water through valve No. 4. Flushing the pipe line through 
connection “B” from valve No. 4 was done until the residual 
chlorine test of the water sample showed a deep red color. It 
was then closed off. After a chlorine contact period of two 
hours, valve No. 4 was again opened and the new pipe line was 





flushed through connection “B.” The residual chlorine tests 
made of the water samples collected from connection “B” 
showed a gradual decrease of free chlorine and after 30 min- 
utes of flushing the test showed no free chlorine. These results 
indicated that the “H T H” had been uniformly mixed 
throughout the pipe line by proper control of. the valves. 
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FIGURE NO. 1 
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Illustrating an Effective (Fig. 2) and an Ineffective (Fig. 1) 
Method of Sterilizing Water Mains 





FIGURE NO.2 
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Conversion Chart—pH, Alkalinity, Carbon 


This chart has an especial usefulness in determining 
-dioxide content of waters without making the tedious 
ly inaccurate COs titration. Alkalinity and pH read- 


bh nm HA SWS 





ings are more easily and accurately made. 
—Locate pH value diagonal; follow it to intersection with al- 
kalinity value vertical. The horizontal line passing through this 
same point reveals the correct free COz content. (This chart 
was supplied by T. M. Riddick, Consulting Chemist, New York 


City. 


FREE CARBON DIOXIDE IN PF P.M- 


QO 





N 














NUN 7 
NaS UN 
NbN MA 
\ 2 
WKN 








7 
y. 








Ss 


N 
\ 
N 
N 
N 








Y es J 








16eL 9 





Lh Ava 





St 





O02 








“AAV ME a 4 


O¢ 


| 


To find CO: content 


— ns _ — — 


— 


OV 
Os 


209 Hd “ALINIWY TY 


dO SANIWA ZAILV13y 
ONIMOHC WVHOVIG 





p—————ad 





a 
PZ 


Fa 6% 2 





aoéelgs ¢& 


st 


02 


YVYYV SIA 


























Wadd NI ALINIIWMIY (DNVWYAO TAHLEW)aLvNoeHVoIG 














oot 06 OG OL O9 OG 








os! 





002 












































Ywths N 
NA N 
ASN S 
w _ aA : ‘\) ~~ ww 
N \bs N < iN N 
RN Me a ASS bd is 
N ) N =“ N N NM 
> tS N ~*~ N 7 
s INN mm eS i; N 
N NAAN N % & 
\ NON N 
Ne i » WANS wb N 
\ N te. ly \ 
N =. 














oo< 








0% 06 08 OL OD OS OY o€ 


OS} 


002 






































o00< 








266 


WATER WORKS AND SEWERAGE DATA 





pH ZONES OF IMPORT IN WATER SUPPLY AND 
SEWAGE TREATMENT PRACTICE * 
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Ranges of Selected Indicators for pH Determination 
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Approximate pH Zones for Water Purification 


*Reproduced from the reference work 
Kenny & Reed—(Williams and Wilkins, 


Application’’—LaMotte, 
Publishers, Baltimore, Md.) 
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SEWERAGE 





“Chlorine and its Safe Handling,” et. al. 


water works as in sewerage practices —Ed. 





Whereas, this section is devoted almost exclusively to Sewerage, it was not possible to segregate 
much of the material, which pertains to Water as well as Sewage, except at the expense of duplication. 
The Water Works Section will be found to contain considerable material of direct bearing on 
Sewerage. Such, for example, are “Main Line Metering” ; “The Parshall Flume’ ; “Pumps and Pump- 
ing”; Elemination of Check Valve Slam” ; Practical Hydraulics” ; “Practical Electricity in the Plant” ; 


In the rear of this Sewerage Section are Tables, Formulae and Conversion Factors as valuable in 








MAINTAINING A SEWERAGE SYSTEM 
By GEORGE E. FINCK 


Engineer, Bureau of Sewers, Baltimore, Md. 


The extent of maintenance required to keep a sewerage system 
in successful operation may be traced more or less to the follow- 
ing causes: (1) Poor Design and Construction; (2) Depreciation 
and Misuse. 

The amount of maintenance necessary on account of deprecia- 
tion due to wear and tear is usually not great, particularly if the 
system is new, and of good workmanship and material. A fre- 
quent source of trouble, however, if not guarded against will re- 
sult from the tapping of sewers for extension of house connec- 
tions. No sewer in the City of Baltimore is permitted to be 
tapped unless a permit from this Bureau has been issued, and the 
work must be done under the supervision of a Department In- 
spector and by a qualified pipe layer. Noisy and broken manhole 
covers add a great deal to general maintenance work and numer- 
ous inlet heads have to be repaired and replaced from time to 
time, all of which is the result of increased traffic. 


Dealing With the Root Problem 


To have low maintenance costs, good construction is essential 
under careful and competent inspectors. A very important factor 
in this respect is the making of tight joints for the exclusion 
of ground water and to guard against the entrance of tree roots. 
Numerous chokages in the sanitary sewers of Baltimore are due 
to the roots of poplar and willow trees. The roots of oak and 
similar shade trees do not seem to give any trouble. In each case 
where the sewer becomes chocked because of tree roots, and it is 
necessary to uncover the sewer, the joints through which the 
roots have passed are made over with great care in the following 
manner. A ring of jute is inserted in the bell of the pipe the 
same as when the usual Portland cement joint is made. Then 
puddle clay, to which has been added a liberal quantity of coarse 
salt is packed over the jute to within one-half inch of the end 
of the bell. On top of this is placed a mortar of cement and sand. 
This type of joint has proved very effective against the entrance 
of tree roots. The planting of poplar trees on public highways of 
the city of Baltimore is now prohibited. 

The misuse of the sanitary sewerage system is probably the 
principal contributing factor to high maintenance costs. Although 
sewers are intended for definite purposes, they often are used as 
a means of disposing of materials intended for the rubbish pile. 
The following are but a few of the objects which have been 
taken from Baltimore sewers from time to time: Bricks, flat 
irons, dish pans, broom handles, bottles, garden hose and occa- 
sionally small dead animals. The only conceivable means by 
which such objects can be introduced into the sewers is by the 
unauthorized removal of manhole covers and: through sewer 
cleanouts on the plumbing lines. 

The amount of maintenance required for the storm drainage 
system can be held to a minimum if streets are frequently cleaned 
and the debris removed before it is washed into the drains, where 
it usually has to be removed at considerable cost. Present day 
heavy traffic has brought about the necessity for prompt removal 
of snow. The practice generally followed is to dispose of it into 
the storm drainage system. It is usually mixed with debris and 
after the snow has melted in the drains this debris remains behind 
and has to be removed. It is essential that only large drains 
should be used for snaw removal and great quantities of water 
used for flushing purposes. 


Solution of the Oil Dumping Problem 


A serious problem confronting engineers in charge of sewerage 
systems relates to the disposal of gasoline and oil from automo- 
bile crank cases into the storm drains. Many cities have had seri- 
ous explosions as the result of this practice. The City of Balti- 
more has to a great extent overcome the problem by the passing 
of an ordinance requiring that waste oils, greases, crank case 
drainings and similar products be stored on the premises in tight 
steel containers. The material is then collected and disposed of 
periodically under direct control of City authorities. This ar- 
rangement has proved satisfactory because it provides garages and 
similar establishments with a way of disposing of oils and greases, 
as the City has previously found it almost impossible to police all 
garages to enforce an existing ordinance which prohibited the dis- 
charge of oil and gasoline into the sewers. [A copy of the Balti- 
more ordinance, covering oil disposed, can be had by addressing 
the author.—Editor. ] 

It has been found that the large storm drains require little if 
any cleaning as they are usually well flushed at every heavy rain. 
Inlets require periodic cleaning to remove decomposing material 
and an occasional dead animal. Disinfectants and deodorants are 
used at times when odors are detected in the inlets. 

The principal source of trouble in a sewerage system is usually 
confined to the smaller sizes, namely 8 inches and 10 inches in 
diameter. When the larger sewers need cleaning it is usually due 
to wastes from industrial plants. 


Tools and Equipment 


The proper selection of cleaning tools plays an important part 
in helping to decrease maintenance costs. There are two types of 
cleaning rods in use in Baltimore. Jumbo rods No. 10 used to clean 
out storm water drains are of wood, 3 ft. in length and about 2 
inches thick. They have strength and are light enough to float on the 
water while being forced through the drain. Other rods used to 
clean sanitary sewers are 4 ft. long and are 174x1% inches in 
cross section. Other tools such as scoops, root cutters, etc., are 
essential. Flexible steel cables with steel rollers at the end are 
used to clean house sewers. 


Flexible Sewer Rods 


A new type of equipment has recently been purchased for re- 
moving obstructions in main line sewers. It consists of 3 ft. flex- 
ible steel rods which can be coupled together with connectors es- 
pecially designed for the insertion of a proper tool for twisting 
purposes. The flexible sectional-rod cable, thus made up, is run 
through a 1%4-in. pipe guide rigidly fastened in a vertical position 
in a manhole, the lower end of which guide points to and partly 
enters the pipe of the sewer. This provides a guide for the flexible 
rod cable on the end of which is a suitable boring tool of the cork 
screw or auger type. The boring tool and cable is advanced for- 
ward in the sewer by hand pressure and by means of a twisting 
action accomplished by a turning tool inserted in the connector. 
When the obstruction is reached the boring tool thus takes a 
“bite” into the material, a portion of which can be removed by 
pulling or jerking the cable back a short distance. The procedure 
is followed until the entire obstruction is bored out and removed. 
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The advantage of such equipment lies in the fact that it can be 
operated from the street surface, whether the manhole is full of 
water or empty. Being flexible it is peculiarly fitted for sewers 
having bends and short turns and for the further reason that it 
can be operated effectively from manholes which are either deep or 
shallow. 


Maintenance Practice 


The following is the organization and practice adopted for 
maintaining more than 1,900 miles of sewers and drains in Balti- 
more: For the cleaning of inlets and manholes there is maintained 
a group of approximately 15 men divided into 5 small groups. 
Each group is equipped with a truck and assigned to a particular 
territory. A daily record is kept of their activities with the result 
that each inlet and manhole throughout the city receives attention 
at periodic intervals. Approximately twelve to fifteen hundred 
inlets are thus cleaned per week. A group of 20 men with four 
trucks: is constantly employed in maintaining house connections 
and small lateral sewers, and a third group of 6 men and truck 
maintains the larger sized sewers and drains. By this method 
the City’s sewers are kept under continuous maintenance, thereby 
reducing complaints, and eliminating inconvenience to property 
owners as much as possible. The Department maintains a com- 
plaint Division where complaints are received during office hours 





. a 
and arrangements are made to receive calls and render seryj 
until midnight. All complaints received during these head ~ 
immediately transmitted to the various maintenance foremen fos 
prompt attention. tal 

No force is maintained after midnight as the number of 
plaints does not justify it, although in cases of storms and one : 
emergencies we have an arrangement whereby the foremen ad 
Sg can be communicated with promptly and detailed to re 
work, 


Complaint Handling 

_ When a complaint from a property owner is received that water 
is backing up through the sanitary fixtures, the complainant ; 
advised to obtain the services of a registered plumber in order he 
determine whether the chokage is confined to the premises or _ 
beyond the limits of private property. The reason for this is that 
the City of Baltimore maintains the main line sewers, and such 
portions of the house connection as are laid in public thorough- 
fares. By this policy expense to the city of investigating private 
property complaints is reduced to a minimum. Property owners 
are charged with the cost of removing chokages from sanitary 
house connections only, when the nature of the chokages indicates 
a misuse of the sewer. All main line chokages, and chokages jn 
house connections resulting from tree roots, are cleared at city 
expense. y 





SEWER CLEANING WITH RUBBER BEACH BALLS 


By A. M. RAWN, C.E.* 
Los Angeles, Calif. 


During construction of the sewer lines of the Los Angeles 
County Sanitation Districts, the problem of cleaning sand and 
debris from newly constructed lines gave rise to the trial of 
pneumatic rubber beach balls for this purpose. The use of beach 
balls was the outgrowth of the usual trial and error methods of 
using pull through devices, sluicing, use of fire hose and the like. 

What is termed a beach ball in this narrative is the ordinary 
type of commercial pneumatic rubber ball commonly used at play 
grounds, at beach resorts and otherwise. The rubber is thin 
and the ball can be blown up to varying degrees of inflation at 
will. As furnished commercially, the balls have no covering 
and consist simply of elastic rubber. These balls are manufac- 
— in sizes (diameters) of 6 to 30 inch diameter when fully 
inflated. 


Procedure 

For use in cleaning sewers the ball is first inflated and then 
wrapped in a covering of canvas or burlap, the edges of which 
are sewed together. A trail-line a little longer than the dis- 
tance between manholes is then attached securely to the cov- 
ering. The size of the ball and its covering should be such as 
to fit fairly snugly into the sewer leaving the downstream side 
of the manhole. 

Immediately the ball is kicked into the pipe, sewage com- 
mences to back up in the manhole and continues to increase 
in depth until such time as its pressure is great enough to force 
water under the ball. (See sketch.) The ball then commences 
to move downstream through the pipe. Acting as a compressi- 
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ble floating plug it affords enough obstruction so that a contin- 
uous high velocity jet spurts under and to some extent around 
the — thereby sluicing all movable material ahead to the next 
manhole. 


Should the ball encounter an obstruction which is immovable 
(for instance a joint fin or the like), it merely indents to the 
necessary degree and moves forward. About the only fixed 
obstruction which will stop the forward progress of the ball 
is a root mass or some similar obstruction tightly wedged into 
the pipe. Brick, stones, bottles, loose metal parts, broken pieces 
ot pipe, sand, gravel and settled sludge are easily moved ahead. 

If the ball stops momentarily, a pull on the trail-line is usuaily 
sufficient to set it again in motion and if the pipe is quite dirty 
the trail-line can be snubbed to a step in the upper manhole 
and the ball’s progress retarded to the required degree as the 
lower manhole is approached, thus giving time for complete re- 
moval of accumulated debris which the sewage has piled up 
ahead of the ball. 


Much time may be saved by conserving the sewage pressure- 
head as the ball floats into the lower manhole. Just as the ball 
comes into view at the lower manhole, the snubbed trail-line is 
cast off and as the ball floats into the lower manhole with the 
gush of sewage, it is immediately kicked into the lower (out- 
let) pipe. The trail-line is picked up by fishing for it and the 
work proceeds as before. 

In ordinarily dirty lines three men are employed as a crew 
and have cleaned in excess of four miles of sewer pipe in an 
eight hour working day. 

The canvas covering serves two purposes: it permits ready 
attachment of the trail-line and also affords a measure of pro- 
tection against puncture by razor blades, glass and sharp metal 
particles in the sewage sediment. The operation and maintenance 
crew carry along inner tube vulcanizing patches and small holes 
in balls are readily repaired on the job without much loss of time. 


A Real Test 


As a measure of the utility of this method of cleaning, one 
outstanding example will be noted. A 24-inch diameter rein- 
forced concréte pipe inverted siphon carries the sewage of one 
main under the Los Angeles River flood control channel. The 
siphon is about 800 feet in length. A ball, with trail-line at- 
tached, was inserted in the upstream end of the pipe; and, al- 
though, it took thirty-six hours to work its way through, there 
appeared ahead of it about a truck load of sand, gravel, bricks 
and boulders as well as a half-dozen flash boards which had 
dropped into the sewer at the upstream gate. The ball was 
put through again immediately and appeared at the outlets in 
less than an hour. 





Sketch Showing Action 





of Beach Ball During Sewer Cleaning 


*Asst. Chief Engr., Los Angeles County Sanitation District, Los 
Angeles. 
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SOME SEWERAGE OPERATING KINKS* 


By A. M. RAWN! 


Associate 


aning operations on a large trunk sewer system give 
rise to many notions and ideas regarding best methods. If given 
the opportunity, an intelligent operation and maintenance crew 
will probably develop that method which best suits the system 
upon which they are working. In time they will iron out diffi- 
culties incidental to their equipment and eventually may evolve 


Sewer cle 


Editor 


holding the weights. The sewage backing up behind the “hoe” 
propels it through the pipe, moving any accumulated debris ahead 
to the manhole below. 

The “hoe” is surprisingly efficient in cleaning the sides and 
invert of the line. Care must be taken to secure a reasonably close 
fit between the pipe and the outer edges of the belting so that 
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Fig. 1—The Sewer “Hoe” for Cleaning Sewers Larger Than 30 In. Diameter. 


something useful to their brethren elsewhere. In the hope that 
they have done the latter, the writer presents a few operation and 
maintenance “kinks” which have been evolved entirely by the field 
operation forces on the Los Angeles County Sanitation Districts’ 
system. Nothing new is claimed for the ideas and many an opera- 
tion man may recognize in each, or all, a counterpart of what he 
daily practices. 


Sewer Cleaning 


The writer in the October, 1935, issue of WATER WoRKs AND 
SEWERAGE described the use of rubber beach balls for cleaning 
lines up to 30 inches in diameter. Above 30 inches the balls are 
expensive and hard to obtain so that for cleaning circular sewers 
larger than 30 inches in diameter the district forces use a form of 
“hoe” shown as Fig. 1. It is simply and easily made and can 
be assembled in the ordinary manhole without much trouble. 

In operation the “hoe” is assembled in the manhole and_ the 
proper sized flexible belting is attached to its downstream face. 
Belting is cut and fitted for each size of pipe from 30 inches to 
60 inches for circular pipe, and is properly stiffened with sheet 
metal as is required in the larger sizes. With the exception of 
the belting attached to the face of the “hoe,” the same equipment 
is used for cleaning all sizes from 30 to 60 inch pipe lines. 

Following its assembly in the manhole, the “hoe” is thrust into 
the downstream pipe and the trail line is attached to the tail board 


*From Water WorKsS AND SEWERAGE, May, 1936. 
1Assistant Chief Engineer, Los Angeles County Sanitation Dis- 
tricts, Los Angeles. 


the belting will have to flex forward to permit the escape of water 
collected behind the “hoe” face. If this precaution is taken, and 
the tail board is suitably weighted, one may be assured that just 
about anything movable below the backed-up water line will be 
shoved or sluiced ahead to the next manhole. Like the pneumatic 
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Fig. 2—Root Cutter for Sewers of 12 to 36 In. Diameter. 
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cleaning ball, described in the October, 1935, issue of WATER 
WorKs AND SEWERAGE, the “hoe” moves easily over fixed ob- 
structions. 


Root Cutting 


Many types of root cutters have been manufactured and sold. 
A number have been tried on the districts’ lines. None of them, 
however, has proven much more efficient than the simple, inex- 
pensive device shown herein as Fig. 2. It is simply and easily 
made of ordinary butt-welded steel pipe of commercial sizes. 

To make it, take a piece of pipe about 18 inches long, serrate 
and sharpen the edges of both ends, and weld four shoes to the 
outside of the pipe. Affix halters for the pull and trail lines—and 
the job is done. 

For an 8-inch line job use a 6-inch diameter pipe and %4-inch 
strap runners or shoes. For a 12-inch line, use 10-inch pipe. A 
12-inch diameter pipe is large enough for a 15-inch line, and so on. 
The sharpened notches in the pipe ends should be rather deep 
and wide so that they may pinch and hold the root, tearing or 
cutting it loose at its point of entrance into the line at which point 
it is usually quite small and relatively weak. 

The pull line is thrust or pulled through with sewer rods, if 
it cannot be floated through the line. Pulley-blocks are then suit- 
ably arranged at the downstream manhole so that pulling may be 
done with the maintenance truck. 

Lacking the proper diameter pipe for an operation, the opera- 
tion and maintenance crew once manufactured a similar root 
cutter from a discarded water tank salvaged from a dump heap. 
It is still used upon occasion. 


Air-Relief Valve 


Figure 3 illustrates a type of air relief valve used in the 3% 
mile (36-inch diam.) effluent pump line leading from the dis- 
tricts’ sewage treatment plant. The valve pictured is installed at 
a summit in the line about 2,000 feet from the plant where air 
must be tapped off if the line is to operate efficiently. It is also 
important that none of the effluent escapes through the blow-off. 
A number of valves were tried but all operated with indifferent 












success until that sketched was installed. As may be seen, it con 
sists of a simple float operating a steel ball valve attached to the 
end of a section of ¥%-inch pipe. The ball seats in a ground vale 
seat tapered to catch and center the ball as it rises. The yalye 
case is constructed from a 5-inch diameter, butt-welded, steel pj 
The secret of the mechanism is the small hole drilled jn the 
Ye-inch pipe near the ball. This is to permit admission of air 
into the light metal float, equalizing the pressures inside and out 
on the float and preventing collapse of the thin metal cylinder 
When first constructed the hole was omitted and the float 
promptly collapsed, rendering the valve ineffective. When re. 
built, the air inlet hole was drilled and the valve, operating about 














Containers Placed Next to Tank Ready for Skimmings. 


three times a minute, has been in continuous service for more 
than six months. 

It may be thought that condensation or spray might eventually 
fill the float cylinder with water, and the writer admits having 
shared such a belief at one time. Convinced, however, by the plant 
chief operator who designed and built the valve, that if the float 
did eventually fill it could be easily drained and put back into 
service, the installation was permitted. Now it has been proven 
that the principle is sound. No water escapes through the valve. 


Grease Collection and Incineration 


At the district’s treatment plant, grease is skimmed manually 
from the tanks and burned. For a number of years skimmings 

















Wheel Barrow Used for Transporting Skimmings Containers 
to Incinerator. 
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AMERICAN GAS PRODUCTS CORPORATION 


DIVISION OF AMERICAN RADIATOR & STANDARD SANITARY CORPORATION 











40 WEST 40™ STREET~+ NEW YORK, N.Y. 


PRESENTS 


IDEAL GAS BOILERS 


for modern sewage disposal plants 


N specifying the boilers to 
I utilize sewage gas, engineers 
are taking no chances—making 
sure they have the best—AGP 
Ideal Boilers ! 

These boilers are specially de- 
signed and adapted for the eco- 
nomical, efficient use of sewage 
gas. All sections are precision 
ground to provide gas-tight metal 
joints, and the entire assembly is 
completely insulated and jack- 
eted. A single valve automatic- 
ally controls gas exactly. 

Standard equipment includes 
thermostatic pilot, vitreous 


enamel draft diverter, gas pres- 
sure governor, limit control and 
low water cut-off on steam boil- 
ers. AGP Ideal Boilers are avail- 
able in a wide range of models 
from 31,500 to 3,480,000 BTU 
per hour—capacities to meet 
every need. 


Specify AGP Ideal Boilers for 
heating sludge digestion tanks— 
for furnishing the full heating 
you need. And include AGP 
GAS-FIRED Automatic Storage 
Water Heaters to supply con- 
stant hot water for personal use. 
Write for full facts. 


AMERICAN GAS PRODUCTS CORPORATION 


DIVISION OF AMERICAN RADIATOR & STANDARD SANITARY CORPORATION 


40 WEST 40” STREET~ NEW YORK, N.Y. 


IDEAL GAS BOILER CAPACITY 
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Typical of many AGP installations in Sewage Treatment Plants. 
Shows 2-GA-7 Ideal Boiler used for beating sludge digestion tanks, 


and AGP Storage Water Heater 40C. 
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BOILER NO. OUTPUT PER HOUR |INPUT PER HR.| BOILER SPACE 
u. Ft. Floor Space 
B.T.0 | Ss. Fe. 89. Ft. B.T.U 700 | Over- 
Steam Water per bwiw' A an er T. all bwiath 
Hour Rating | Rating our —- Heght. Front Depth 
- 
q 31,500] ..... 210 39,350 56 | 36%" 14144 22 4" 
Type 2-GA 000 280 52500 75 | 36% | 14 i | 25 4 
52°500 350 65,600 94 , 36% | 1444 | 28 3 
63,000 420 78.750 | 113 | 38 | 1434] 31 
63,000] ..... 420 78,750 | 113 | 41% |] 19% | 22 
84,000 | |. :: 560 105/000 | 150 | 41% | 1944 | 25 
—s 105,000 |... .: 700 131,200 | 188 | 41% | 1914] 28 
ype 126,000] ..... 840 157,500 | 225 | 41% | 1944] 31 
168,000] ..... 1120 210,000} 300 | 41144] 28 | 38 
210,000 | |. .: 1400 262/500 | 375 | 4134] 28 | 44 
aaa 252,000 | ..:.: | 1680 315,000 | 450 | 4114 | 28 | 50 
Sener 64,800] 270]..... 81,200] 116 | 52 | 23%] 28 
Sai: 86,400} 360] ..::: 108/000 | 154 |53 | 2314] 31 
rR 108:000} 450] ..::: 135,000 | 193 | 53 | 2334] 34 
Sekene 129'600| 540] .:.::: 162/000 | 232 | 53 | 2344] 37 
146,000] 610 182,500] 261 }50 | 35* | 33% 
186,000] 775] 1240 232'500 | 332 | 52%4 | 39* | 33% 
225,000 | 940] 1500 281:500 | 402 | 53% | 43* | 33% 
265,000 | 1105] 1770 331,000 | 473 | 53% | 47* | 33% 
305,000 | 1270] 2030 000 | 545 | 54% 1 51* | 33 
5,000 | 1435] 2 431,000 | 616 | 5714 | 55* | 33 
1-GW-10 | 384/000] 1600] 2560 480,000 | 686 | 58% | 59* | 33% 
-GW-11 | 424/000] 1765] 2820 530,000 | 757 | 58% | 63* | 33% 
480,000 | 2000 | 3200 600,000} 857 | 69 |53 | 52 
576,000 | 2400 722000 | 1030 69% | 58 | 52 
672.000 | 2 4480 840,000 | 1200 | 71% | 62 | 52 
W 768,000 | 3200] 5120 960,000 | 1372 | 7234] 66 | 52 
-Gw-10 | 864/000] 3600 | 5760] 1,079,000 | 1543 | 75° | 70 | 52 
4-GW-11 | 960; 4000 | 6 1/200;000 | 1715 |} 75% |74 | 52 
4-GW-13 | 1,152,000] 4 7680 | 1,440,000 | 2060 }69%]85 | 64 
4-GW-15 | 1:344;000 | 5600 | 8960] 1,680,000 | 2400 | 71% | 93 | 64 
4-GW-17 | 1:536;000] 64 10240 | 1:920:000 | 2740 | 7234 103 | 64 
9 | 4-GW-19 | 1:728,000 | 7200 | 11520 | 2:162:000 | 3090 | 75° {107 | 64 
4-GS-21 | 4-GW-21 | 1/920;000 | 8000 | 12800 | 2:400,000 | 3425 |75% }110_ ‘| 64 
« 4-GS-22 | 4-Gw-22 [2,016,000 | 8400 | 13440 | 2,520,000 | 3600 | 71% |136 | 64 
4-GS-25 | 4-GW-25 | 2'304;000 | 9600 | 15360 | 2'880,000 | 4120 | 7214 [148 | 64 
4-GS-28 | 4-GW-28 | 2'592'000 | 10800 | 17280 | 3:240:000 | 4625 | 75° 160 | 64 
4-GS-31 | 4-GW-31 | 2'880;000 | 12000 | 19200 | 3.600, 5145 | 75% [172 | «64 
4-GS-33 | 4-GW-33 | 3,072.000 | 12800 | 20480 | 3,840,000 | 5480 | 72% [186 | 64 
4-GS-37 | 4-GW-37 | 3,456,000 | 14400 | 23040 | 4,320,000 | 6165 | 75 (202 | 64 
4-GS-41 | 4-GW-41 | 3;340;000 | 16000 | 25600 | 4,800, 50 175% 218 | 64 








*1-GS shown. The 1-GW 4s 4” shorter. 
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Storage Pan at Incinerator. 


were accumulated in galvanized iron cans and transported to 
drainage beds. When drained they were picked up in wheel- 
barrows and conveyed to the incinerator. 

Handling the galvanized iron cans was a dirty and expensive 
item of labor as was the spreading on drainage beds and the re- 
accumulation and transportation to the incinerator. The grease 
draining beds were odorous in spite of all precautions and the in- 
cinerator ash was about 90 per cent sand—the latter being picked 
up with the grease from the beds. : 

The chief operator requested and received permission to con- 
struct the containers and transporting barrow. 

The container or pan may be made any convenient size. That 
shown holds about 3 cubic feet. Placed in the bottom of the pan 
and standing on a rigid framework which elevates it an inch off 


| 


the pan bottom, is a %-inch square mesh screen, the 

which is to provide drainage for the skimmings. The pent ¢ 
constructed that all drainage is toward the 14-inch pipe sho s 
in the right front of the pan at the base. Drainage from a 
skimmings goes directly back into the sewage tank. . 


The pan is filled with skimmings as they are taken from th 
sewage and permitted to drain for a couple of hours before being 
taken to the incinerator. Twelve such pans are in use at the 
plant. 

For transporting the pans to the incinerator the pneumatic tire 
wheel-barrow (illustrated) was constructed and is used. The 
operator wheels up to the high side of the pan, steps across it 
and engages the forward cross brace in the two forward pan 
dogs, then upon lifting the wheel-barrow handles, the rod welded 
across the back of the pan catches in the two swinging hooks 
attached to the barrow handles, and the load is securely engaged 
The penumatic tire prevents wear on concrete walls and cross 
walks; makes for easy rolling. 

It may be seen that when the pan is lifted the slope of the pan 
bottom is reversed and any water shaken out of the screenings 
during transportation stays in the pan until it is set down. 

At the incinerator a movable sheet metal storage pan is located 
in front of the charging door. The operator swings the loaded 
wheel-barrow handles over the storage pan, engages the pan’s 
back rod in the two forward dogs in the storage pan, releases his 
at and then tips the screenings into the storage pan with a 
nook. 

The operator’s hands do not come in contact with the skim- 
mings or the containers at any time and the curse has been 
eliminated from an operation job that was once a filthy task 
Moreover, the work is greatly expedited. ; 

The pans are cleaned daily with hot water and once a week 
with grease solvent. The pans and the wheelbarrow were all 
built in the plant shop by the plant operators. 





Lest They Forget! 


{A Message to Consumers} 


can bring.” 





“Pure water is the best of gifts that man to man 


The other day when I asked my little girl what 


open the faucet.” This set me to thinking about 
how much all of us take for granted our water 
supply systems and the excellent service they give. 


There would be no definite 


—Lord Neaves. 
assurance that I would not be 











exposed to typhoid fever and = SS 

water is she said, “It’s what comes out when I other water-borne diseases ite 
which were such a scourge wy Oo NY 

= 4 


only a generation ago. ) —— 


If my house caught on fire 









We have to be deprived of 
some things to realize what 
they mean to us. I have been 
thinking about our water 
works and what things would 
be like if it were to be per- 


manently discontinued, if water no longer came 
from the faucet. The pictures aren't so rosy. 





Because of increased fire dan- 


there would be much less 
chance of saving it and the 
other houses nearby. My fam- 
ily would not be so safe ner 
my sleep so peaceful. 


First, I would have to line up 
a source of water, for I could 
live but a few days without it. 
I would have to drill a well, 


ger my insurance rates would 
jump, probably more than my 
total water bill. This is one 
advantage of water service 
most of us never think about. 





collect rain water, 
from a stream, pond 


of effort. 





be revived. 





The Cover 


The above leaflet, prepared for sending out with the water bill to customers, has proven popular with water works superintend- 
ents and managers. It was the idea of the Ford Meter Box Co., of Wabash, Ind., who printed thousands of free distribution to 
its customers, after which additional orders were filled at the cost of wholesale production. Many favorable comments have been 
heard on its value. The question on the cover is the “attention getting element” which every publicity man recognizes as a first 


essential. 


or carry 
or spring. 





At the best it would be a lot of expense or a lot 


I would have to arrange to 
dispose of the sewage of my 
household. Again I run into 
expense and unpleasant con- 
ditions which are not nice to 
talk about. 








In dry weather my Jawn would 
turn brown and my garden 
would wilt for lack of water. 
It would be harder to wash 
my car, my front walk and 
even my dog. 


It would be considerable more 
trouble to keep clean. 
be the historic tub on the 
kitchen floor would have to 


Don’t let your customers forget the importance of the No. 1 Utility. 


After all, maybe we have let many years of “water 
from a faucet” dull our appreciation of a service 
which is so vital to our civilization and to our 
ability to live together in comfort, health and 
safety. 


May- 
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THE EDSON CORPORATION 























EDSON - Main Office and Works: 49 D Street, South Boston, Mass. Established 1859 
_U.S. Pat. Off. 
NEW YORK: 142 Ashland Place, Brooklyn Cable Address DIAPHRAGM, BOSTON 


of Smallest and Largest Diaphragm Pumps in Market—FROM 2 in. fp 
Manutact i open Discharge or 2 in. Suction Force Pump TO 4 in. Suction and 


sat Discharge or 4 in. Suction Force Pump. 


© 





HAND PUMP— 
SIZE NO. 1 
Smallest and most 
efficient non - chok- 
able diaphragm 
pump made. Has 2- 
inch suction with 
open discharge and 
1400 g.p.h. capacity 
up to 25 feet or 
more suction lift. 
Both valves’ brass 
and moulded rubber. 





















“aw” 7 ITCH PUMPS “RAE” ELECTRIC PUMPS 

av ant wg — Unit stator Suction Discharge Capacity Wt. 

Ini Eng. tion charge Capacity Wt. Se 
SRA1-2V 2 h-p- 3-in. Open 4000 g.p.h 840 3RAE1 2 38-inch (single) open 4000 800 
7 (Single) 3RAE2 3 3-inch (double) open 8000 1300 
8RA2-3V 3h.p. 3-in. Open 8000g.p.h. 1360 4RAE1 2 4-inch (single) open 6000 850 
ee (Double) 4RAE2 3 4-inch (double) open 12000 1460 
4RA1-2V 2h.p. 4-in. Open 6000 g.p.h. 900 3RME1 2 3-inch (single) 83-inch 4000 850 
: g (Single) 3RME2 3 3-inch (double) 38-inch 8000 1480 
4RA2-3V 3h.p. 4-in. Open 12000 g.p.h. 1520 4RME1 2 4-inch (single) 4-inch 6000 940 
(Double) 4RME2 3 4-inch (double) 4-inch 12000 1630 

Motor to Suit Your Electric Current 









BRONZE STRAINER—FIG, 30A 
Sizes 1144” to 6” 




















“ON TOP” TRAILER PUMP “UT’ HEAVY DUTY PUMPS (SINGLE) 
Dimensions with Trailer Upright , Suc- Dis- : 

ight 70”, Width 48”, 0” Unit tion charge Capacity Wt. Code 

—— * — os 3RMI-UT 3-in. 3-in. 4000 g.p.h. 1075 Prebend 

Unit Suction Discharge Capacity Weight 4RMI-UT 4-in. 4-in. 6000 ¢.p.h. 1150 Precept 

OM-T 3-in. 3-in. 4000 g.p.h. 680 3RAI-UT 3-in. Open 4000 g.p.-h. 1025 Precinct 

OA-T 3-in. open 4000 g.p.h. 635 4RAI-UT 4-in. Open 6000¢g.p.h. 1140 Precise 
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GALVANIZED FOOT VALVE 
BRONZE FLAT STRAINER 
FIG, 2332 


Sizes 114” to 4” 











“UT” HEAVY DUTY PUMPS (DOUBLE) 
Dis- 
Unit Engine Suction charge Capacity Weight 





EDSON HAND TRENCH PUMPS 





Size Suction Capacity Weight 3RA2-UT 3 h.p. 3-inch Open 8000 g.p.h. 1580 
EDSON SPECIAL SUCTION HOSE No, 2 2%-in. 1800 g.p.h. 1221lbs. 4RA2-UT 3h.p. 4-inch Open 12000 g.p.h. 1720 
With Heavy Bronze Couplings and No. 3 3 -in. 4000 g.p.h. 176 lbs. 3RM2-UT 3h.p. 3-inch 38-inch 8060 g.p.h. 1700 
Flexible Bronze Clamps No. 4 4 -in. 6000 g.p.h. 247 Ibs. 4RM2-UT 3h.p. 4-inch 4-inch 12000g.p.h. 1850 

POWER UNITS SKID, TRUCK OR TRAILER MOUNTED 
Also Manufacturers of Edson Pump Diaphragms, Suction Hose, Suc- Specify Style of Pump and Size, with Length of Hose and receive 





tion Strainers, Foot Valves, Adapters, Hydrant Pumps, Hydrant Pro- our quotation on a COMPLETE EDSON PUMP OUTFIT. 
tectors, Pump and Hose Accessories. 
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HOURLY LOAD VARIATIONS IN RELATION TO SEWAGE 
TREATMENT PLANT OPERATION 


By ELSON T. KILLAM 
Consulting Engineer, Tenefly, N. J. 


The wide variations in the hourly load arriving at sewage 
treatment plants, due to the combined effect of variations in 
sewage strength and in rate of sewage flow, have previously 
been discussed by the writer.’ 


Data then available were confined to two plants, both located 
in Georgia. Investigations recently conducted on two systems 
in New Jersey involving widely different conditions than those 
of the two systems originally described, indicate surprisingly 
similar load variations. 


Tests of 24-hour duration with frequent flow readings and 
separate analysis of hourly or two-hourly samples emphasize the 
following conditions in these four systems: 


(1) A substantial portion of the total daily load arrives at the 
plant in a comparatively short operating period—see curves. 


(2) The hourly variations and per cent of the total daily load 


1*Hourly Load variations as a Factor in Sewage Treatment 
Plant Operation’”’—WaATER WorKsS AND SEWERAGE; July, 1934; 
pp. 237-240. 


TABLE NO. 1 — DATA RELATIVE 


Type of 

District 

Served 
Strictly 
Residential; 
Separate System 


Curve Location 

Num- of 

ber System 

“A” DECATUR, GA. 
(Shoal Creek Outlet 
Sewer) 


Average 

Flow— 

M.G.D. 
0.167 


RAHWAY, N. J. 
(Rahway Valley 
Trunk Sewer for 
7 Municipalities) 


Separate System; 
Residential, with 
some Industries 
and some Business 
Districts 


Joint 


ELIZABETH, N. J. 
(Elizabeth Valley 
Joint Trunk Sewer 
for 12 Municipalities) 


Separate System; 
Residential, with 
some Industries 
and some Business 
Districts 


ATLANTA, Ga. 
(Main Sewer 
Entering Peachtree 
Creek Plant) 


Combined 

System; 
Residential, with 
some Industries 
and some Business 
Districts 


® All Flow Readings at half-hour intervals. 


Estimated 
Tributary 
Population 


228,000 


110,000 


arriving at the plant in any given period are not markedly dif- 
ferent regardless of whether the load be expressed in terms of 
flow and B.O.D. content—or, expressed in terms of flow and 
suspended solids content. 


(3) Load variations from hour to hour are surprisingly yni- 
form regardless of the size of the system or other factors which 
might normally be expected to create widely different conditions, 


(4) Hourly distribution of load and variations therein haye 
important effects on plant efficiency and on operating procedure 
with many types of treatment plants, particularly chemical 
plants. These variables emphasize the desirability of providing 
for flexibility in design to allow variable operation. 


Studying the Load Variations 


_ A convenient method of summarizing sewage load variations 
is by means of cumulative load curves. To obtain data for such 
a curve, samples should be collected throughout a full 24-hour 


TO CUMULATIVE LOAD CURVES 


Distance 
from 
Sampling 
Point to 
Most Remote 
Point in 
System— 
Miles 

2.5 


Method 
Flow 
Measure- 
ments 
(*) 

90 deg. V 
Notch 

Weir 


Data 
Relative 
to 
Samples 

a) 


Date of 
Test Period 
2,200 p. m., Sat., Oct. 

t 


° 
p. m., Sun., Oct. 2 
1933 


90 deg. V (a) 
Notch 


Weir 


p. m., Mon., July 2¢ 
to 


p. m., Tues., July 2 
1934 


. m., Thur., Aug. 2 Venturi 
t Meter 


oO 
p. m., Fri., Aug. 3, 
1934 


Recording (a) 
Gage at 

Station 

Rated by 
Current 

Meter 


(a) Samples collected at half-hour intervals—each group of four composited and analyzed. 
(b) Samples collected at half-hour intervals—each group of two composited and analyzed. 


PERCENT OF TOTAL DAILY LOAD ARRIVING AT PLANT 


OPERATING PERIOD (nouns oaicy) -"FiGUAE I 


. 1—Cumulative Loads, Based on Floc and Suspended Solids 


AT PLANT 


PERCENT OF TOTAL DAILY 


TING PERIOD (Hours oany) "FicuRe 


ig. 2—Cumulative Loads Based on Flow and 5-Day Oxygen 
Demand 











FULLER COMPANY 


CATASAUQUA, PENNSYLVANIA 





























Chicago: 1118 Marquette Bldg. San Francisco: 320-321 Chancery Bldg. 


THE AIRVEYOR CONVEYING SYSTEM 











y 7 
ns 0 
| and The Airveyor is used extensively for unloading fine, crush- 
, ed, and granular materials such as lime, soda ash, alum, 
vhich bauxite, ferric sulphate, and many others, from cars, ships 
tions, and barges. Also for reclaiming from bulk storage and 
roa stock piles. Hundreds of these systems are in daily service. 
edure Materials can be conveyed economically over long dis- 
iding tances to avoid interference with buildings, equipment 
and traffic. They are furnished in vacuum, pressure, and 
combined types, in a full range of capacities to meet any 
plant requirement. For fine or dusty materials automatic 
tions filters are available in several types. 
such 
how Some advantages and economies are: 
Savings by purchasing in bulk 
Minimum handling and storage cost 
, One man operation 
ative ~~ ‘ | Simple and inexpensive storage facilities; the Airveyor 
<4 les \. ; : | will recover from all types, open stock piles or en- 
(a) closed steel bins 
D, First cost sufficiently low to warrant investment 





a) >) —= at 2 Nag Maintenance requirements are negligible 

Simple plant layout; installation can be made without 
interrupting present operation 

Airveyor Filter installed at the new Coney Island Sewage Disposal _— 


:, Plant, Coney Island, New York. Absolute cleanliness 
») 


' FULLER ROTARY AIR COMPRESSORS 
AND VACUUM PUMPS 


Single and two-stage Compressors and Direct drive at common motor and gas engine speeds with- 
out reduction gearing. 


Few working parts; no valves. 
Maintenance requirements are negligible, with the ability 


Vacuum Pumps are available in a full 
range of capacities up to 1800 C.F.M. 


at standard motor speeds . . . work- to operate continuously at full loads for long periods with- 
ing pressures up to 125 |b. gage . . out mechanical attention. 
vacuums up to 99 percent of barometer. Air flow free from pulsation. 





All parts readily 
These machines have many advantages that make them accessible. 
unique and adaptable to various applications. Some of 
these features are: 
Fuller Rotary Two- 








Extraordinary capacity with reference to size, weight, and Stage Compressor in- 
floor space requirements. This makes possible the in- stalled in a mid-west- 
stalling of separate compressors at point of use, eliminating ern incinerator plant; 
a large central compressor plant with its network of air line one of three Fuller 
and consequent losses. Compressors in use at 





this same plant. 






FULLER-KINYON, FLUXO, AND AIRVEYOR CONVEYING SYSTEMS ROTARY FEEDERS AND DISCHARGE GATES 


ROTARY AIR COMPRESSORS AND VACUUM PUMPS 








AUTOMATIC BATCH WEIGHERS BIN SIGNALS 
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the hour at maximum load, and subsequently taking each con- 
secutive hourly load in order of descending magnitude, and plot- 
ting of 24-hour curve. Loads expressed in terms of flow and 
suspended solids content, or flow and B.O.D. content, or both, 
way be used for the study. 

Typical examples of such curves, showing data for the four 
systems investigated, are shown in Figures 1 and 2, the former 
being based on load determined by suspended solids content and 
flow, and the latter upon B.O.D. and flow. 

Statistics, showing the type of system, average daily flow, 
tributary population, and other information, for the four systems 
investigated, are shown on Table 1. 
period, preferably at intervals of 15 minutes or % hour. These 
samples should be proportionate to the flow and each group ot 
samples comprising a period of one or two hours’ duration 
should be separately analyzed. It is also essential to take flow 
measurements at frequent and coincident intervals. In this way 
the total pounds of suspended solids or B.O.D. arriving at the 
plant during each hour of the day, may be ascertained. Cumu- 
lative load curves may then be constructed by selecting, tirst, 


Similarity in Load Variations 


In view of substantial differences in type and size of the four 
systems referred to in Table 1, the relatively small difference in 
the load developed in any given number of hours in each of the 
systems, is of especial interest. 

The Decatur (Ga.) system, for instance, involved a sewage 






ne 





flow of only 0.16 m.g.d. with a population of only 2,200 people in 
a strictly residential area, and with the most remote point jn 
the area served only 2% miles from the point of sampling on 
the trunk sewer. 

On the other hand, the Elizabeth Valley System involved a 
total flow of 14.19 m.g.d. from a tributary system comprisin 
several hundred miles of sewers serving 228,000 people. Renan 
portions of the system are at least 18 miles distant from the 
point at which flow measurement and samples were taken. 

It might well have been expected that in such an extensive 
system as the latter, the variations would be smoothed out and 
greatly reduced in magnitude before the sampling point was 
reached by the passing flow. Comparison of all four curves 
however, indicates that in no instance, within a fixed number of 
hours of operation, does the total cumulative load arriving at the 
plant vary by more than 13 per cent. Examination of the curves 
also discloses that the distribution of the load, based on suspended 
solids, agrees very closely with the load based on 5-day B.O.D. 


What It Means 


The similarity of these curves indicates that load variations in 
substantial proportions may be expected on every sewerage sys- 
tem. These variations and their effects are accordingly impor- 
tant in the design and operation of sewage treatment plants; in 
the measurement and evaluation of treatment plant efficiency; 
and, in the collection of river samples below sewer outlets during 
investigations of the pollution of receiving streams. 





KILLING ROOTS IN SEWERS WITH COPPER SULPHATE 


By J. W. McAMIS 
Superintendent Water Works and Sewerage, Greenville, Tenn. 


Roots give a great deal of trouble in the smaller sewers, by 
causing stoppages wherever they may happen to find an entrance 
into the pipes carrying domestic sewage. 

For four or five years now 
we have been using copper sul- 
phate to combat this trouble. 

We have a man whose duty 
it is to visit each manhole in 
the system at least once each 
month, looking for stoppages. 
He carries along on _ these 
trips a small bag or bucket of 
copper sulphate and drops a 
small handful of crystals down 
into the flowing sewage wher- 
ever he finds that the stoppage 
is downstream. 

After a reasonable amount 
of experience in this work a 
man can tell pretty well where 
trouble is to be expected in 
the near future, by the nature 
of the flow of the sewage ‘and 
by the conditions in the bottom 
of the manhole. 

In cases where stoppage is 
due to roots, sewage will back 
up into the next manhole 
above during periods of great- 
est flow during the day and 
will recede during periods of low flows. This condition may exist 
for days or possibly weeks before the sewage begins to overflow 
the top of the manhole and run into the street. By throwing in 
the copper sulphate crystals while the sewage is still flowing, a 
sufficient concentration of the poison will usually reach the seat 
of the trouble to eliminate it before the stoppage is complete. 

At Greenville, we have the same man doing this work that 
looks after the disposal plants and he tells me that he can predict 





Specimen of Sewer Choker. 
This “Bush” Supported by a 
Single Feeder 


almost exactly when the balls of roots will turn loose and come 
down to the treatment plant following the copper treatment. 

Since we have beén using this scheme it is a rare day when we 
have to send out a truck with sewer-rods and other equipment 
to open up a stopped sewer. 

NOTE: The above operating “kink” appeared in the March, 
1933, issue of WATER WorKs AND SEWERAGE. In reply to an 
ey. Mr. McAmis makes the following comments in April 

“Regarding the exact quantity of the sulphate required for good 
results, I have attempted no determination of the necessary con- 
centration of copper sulphate. However, it is my opinion that the 
length of the contact period is a more important factor than the 
actual concentration of the copper sulphate. To illustrate; the 
ideal condition seems to be where a small flow of sewage, say two 
to five g.p.m., is just trickling through a mass of roots. Ina case 
like this a small handful of the chemical applied in the manhole 
just upstream from the stoppage will do the trick. 

If the flow is greater, as determined from looking in the man- 
hole just below the stoppage, greater quantities and possibly re- 
peated applications would be necessary: If it is kept in mind that 
it is time of contact that is important, rather than the amount of 
copper sulphate, no trouble should be experienced in carrying out 
this operation. 

Another important point to remember is that it is useless to 
apply the copper sulphate in a sewer that is completely stopped, 
for unless there is at least a small flow of sewage through the 
obstruction there is no chance for contact between the roots and 
the copper solution. Sewer rods would be the only remedy here— 
at least to start some flow through and allow the copper to reach 
the roots.” (Since it is only necessary to kill the small root 
which enters the sewer, and not the great mass of roots branching 
from it, the important factor is that of reaching the feeder root 
with the killing chemical. Then, the flow pulling on the large 
heavy “brush”, causes the weakened base root to break. Pre- 
chlorination of sewage has been found to produce the same results 
on root infected sewers but is not so simply applied as the copper 
treatment.—Ed. 
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PRODUCTS—“AQUA NUCHAR” ACTIVATED CARBON 
RECENT DEVELOPMENTS IN THE USE OF ACTIVATED CARBON IN SEWAGE TREATMENT 





ROBERT W. HAYWOOD 


Industrial Chemical Sales, Division West Virginia Pulp and Paper Company, New York City 


of the most rapidly advancing phases 
a A protection of public health is the 
field of sewage treatment. Improvement in 
plant design, more accurate and reliable 
control of operations, the selection of bet- 
ter trained operators, and the development 
of new treatment processes all contribute 
to vastly improved conditions. Leading the 
field in new processes is the application of 
activated carbon as an aid in plant opera- 
tion. Although this treatment is in its 
infancy as far as time is concerned, re- 
ports from plants using it indicate definite 
benefits that have been derived from its 
application and suggest others that, while 
not proven as conclusively, still must be 
considered to get a complete picture. It 
is the purpose of this article to present 
these facts, together with a few, brief re- 
marks explaining them, to those interested. 

Types of Plants 

Activated carbon has been used success- 
fully in the following types of sewage 
treatment plants: 

1. Primary settling with separate sludge 
digestion, with and without gas collec- 
tion, and with and without trickling 
filters and secondary settling. 

Imhoff tanks with trickling filters, 
with and without secondary settling 
tanks. 

8. Activated sludge plants with primary 

settling and separate sludge digestion. 

4. Activated sludge plants with vacuum 

sludge de-watering. 
Benefits Derived 

Improved operation in the above types 
of plants resulted from the application of 
activated carbon but the same results 
were not obtained in every kind of plant 
even though, in some instances, the type 
of treatment was the same. Broadly, these 
benefits can be divided into three classes, 
namely, improved digestion, improved set- 
tling, and odor control. 

These three classifications may be broken 
down into the following individual im- 
provements: 

1. Improved digestion 
A. Increased temperature of sludge in 

digestors. 

B. pH control of sludge. 

Cc. Increased gas flow. 

D. Improved gas quality. 

E. More rapid drying sludge with in- 
creased drainability. 

F. Decrease in odor of sludge. 

Improved settling 

A. In primary settling tanks. 

B. Decrease of scum in gas vents of 
Imhoff tanks. 

C. Decrease of scum in separate sludge 
digestors. 

3. Odor control 

A. In gas vents of Imhoff tanks. 

B. Over-all plant odor controlled. 

C. Control of odor from humus tank 
sludge. 

The above list is a compilation of results 
obtained from a number of plants. It is 
not to be expected that every benefit will 
result in the use of carbon in any plant 
since local conditions vary widely and 
have major effects on the final outcome. 
The list is presented simply to show what 
has been accomplished so far among some 
of the more important users of activated 
carbon. These plants are mentioned in 
the following discussions of the various 
improvements listed above and the infor- 
mation presented was obtained by the 
writer during a personal visit with the 
operator of each plant. 

PH Control 

Control of the hydrogen ion concentra- 
tion (pH) of the sludge is an important 
step in maintaining optimum conditions 
for digestion. Until recently this was ac- 
complished by the addition of hydrated 
lime to the sludge as it was pumped to 
the digestors but activated carbon has re- 
placed lime successfully in some plants. 
Perhaps the two outstanding plants where 
this was done are the activated sludge, 
Separate sludge digestion plant_at Newark, 
N. Y., and the primary settling, separate 
sludge digestion plant at Walden, N. Y. 

Records from the Walden plant prove 
that activated carbon enabled the opera- 
tor to raise the pH of the sludge fror 
6.6, a point beyond which he had been 
unable to increase it even though fifty 
pounds of hydrated lime were used every 
day for this purpose, to a maximum of 


to 


to 


7.6 between December 17, 1935, to Feb- 
ruary 29, 1936. To do this thirty-five 
pounds of carbon were applied daily to an 
average of 160 cubic feet of sludge just as 
it was pumped to the digestor. This 
amount was later decreased until, starting 
May 17, the average dose was between 3 
and 4 pounds per 160 cu. ft. of sludge 
pumped, the pH being held at 7.0 with 
this amount. It should be mentioned that 
the digestor was not operating satisfac- 
torily during the period of lime applica- 
tion but has given no trouble since carbon 
has been used. 
Sludge Drying 

Poorly digested sludge dries slowly un- 
der the best possible conditions and, often- 
times, fails to reach a condition that will 
allow its removal from the drying beds be- 
fore the beds are needed for more sludge. 
This means either that the sludge must 
be removed in an unsatisfactory, hard-to- 
handle condition or the digestors must 
continue to hold the second batch, thus 
decreasing their efficiency and over-loading 
this part of the treatment process. That 
the use of activated carbon in the diges- 
tion process would increase sludge drying 
was conclusively proved at both Liberty, 
N. Y., and Fairport, N. Y., the time re- 
quired at Liberty for sludge to dry suffi- 
ciently to be removed from the beds being 
cut approximately in half. Of particular 
interest was the effect of this material 
on the sludge in the secondary settling 
tanks at Fairport. Here it was necessary 
to clean these tanks every two weeks un- 
til carbon was used when this period was 
lengthened to five weeks and the sludge 
removed was practically odorless, drying 
without difficulty. 

Odor Control 

A poorly digested sludge is usually one 
with decidedly objectionable odors but, 
unfortunately, sludge is not the only source 
of odors at a sewage plant. Septic raw 
sewage, scum in primary and secondary 
settling tanks, and scum in the gas vents 
of Imhoff tanks are other potential sources 
of odors. Not only did the sludge at Lib- 
erty and Fairport dry more rapidly but it 
had a decidedly decreased odor. This was 
also at the Tryon Park Sewage Treatment 
Works at Rochester, N. Y. 

This plant is situated in a residential 
section and _ consists of Imhoff tanks, 
sprinkling filters, and final treatment 
tanks. The sludge is drawn off in lagoons 
and, prior to the use of activated carbon, 
the atmosphere of the entire neighborhood 
following each drawing was extremely ob- 
jectionable. Here carbon is mixed with 
water to form a slurry and poured directly 
into the gas vents of the Imhoff tanks. 
This past summer (1936) there have been 
no complaints about odors. 

Both Albion and Wanakah, N. Y., have 
been able to control odors from the gas 
vents of Imhoff tanks by applying acti- 
vated carbon as part of the routine treat- 
ment. At Albion the carbon was first 
mixed with water to form a slurry, poured 
in the vents, and mixed by hosing. At 
Wanakah the carbon was mixed with hy- 
drated lime and dusted into the gas vents 
as a dry powder once a day during the 
warm weather months. The Wanakah 
plant is interesting in that it is in a resi- 
dential section on the shore of Lake Erie 
and is quite close to the nearest dwelling. 
No complaint of odors were received after 
this treatment was adopted. 

Gas Production 

Both Newark and East Rochester, N. Y., 
report increased gas yields. At Newark 
the average gas yield per day for 211 days 
prior to the use of carbon was 7220 cubic 
feet. With carbon this figure increased 
until the average yield per day for 186 
days was 8750 cu. ft. Recently experi- 
mental work has been started at Potts- 
town, Pa., to learn more about the effect 
of carbon on the gas yield, as well as 
other effects the carbon may have on sew- 
age treatment. 

Scum Reduction 

Certain benefits have already been dem- 
onstrated at the Pottstown plant where 
carbon is fed into two of four parallel 
primary settling tanks. The carbon treated 
tanks definitely had less floating matter in 
them and were cleaner, as a whole, than 
the untreated tanks. Scum was also re- 
duced in the gas vents of the Imhoff tanks 
at Albion, this being an additional benefit 


derived from the treatment of these tanks 
as described above. 

Nor has scum reduction been confined to 
the two types of treatment already men- 
tioned. Fairport, N. Y., reduced scum in 
the digestor materially by using activated 
carbon. On March 19, 1986, the tempera- 
ture of the unheated digestion tank was 
50° F., the ash content of the sludge was 
32.4%, organic content 67.6%, and the 
grease content 12.2%. The addition of ac- 
tivated carbon was begun and, by March 
30th, 140 pounds had been added by pre- 
paring a slurry and introducing it into the 
discharge side of a sludge circulating 
pump, thus insuring a thorough mixing of 
the carbon with the sludge. In one week 
the temperature of the digestor rose to 
54° F., and the grease content increased to 
19.8%. Carbon was added at the rate of 
10 pounds per day until April 25th when 
the temperature had risen to 56° F., and 
the grease content to 31.2%. The highest 
grease content was noted on May 8th when 
the sludge contained 32.45%. In view of 
the fact that grease forms a major portion 
of scum, it seems ‘logical to assume that 
the increase of this constituent in the 
sludge could only have come from that 
source since the nature of the sewage did 
not change materially during the time 
carbon was used and, since the application 
of carbon was stopped, the quantity of 
grease in the sludge decreased to its origi- 
nal_ value. . 


Activated Sludge Bulking 

Activated carbon was used successfully 
to correct conditions of sludge bulking at 
High Point, North Carolina. During the 
month of July and half of September, 
1936, it was applied to the mixed liquor in 
the mixing chamber ahead of aeration 
tanks at a rate of approximately 4 p.p.m. 
which resulted in a noticeable shrinkage 
in sludge blanket in the settling basins 
and a decrease in the volumetric solids 
with improvement in vacuum filter opera- 
tion. 

Application and Dose 

Experiences have indicated that no hard 
and fast rule can be laid down as to the 
correct point of application for activated 
carbon nor the best dosage. These factors 
are dependent on local conditions in the 
plant where its use is proposed as well as 
the work it is expected to do. 

In general, carbon should be applied to 
the incoming sewage just after it passes 
the coarse screens and, if applied at this 
point, the maximum benefits may be ex- 
pected with regard to odor control in the 
plant as a whole and increased solids de- 
posits in the primary tank (in the case of 
primary settling) or in the sludge hoppers 
of Imhoff tanks. If applied here the car- 
bon will be mixed more thoroughly with 
the sludge and scum and grease control 
will be more positive. However, in some 
cases it may be better to apply carbon at 
other points. If the source of objectionable 
odors are gas vents in Imhoff tanks, the 
most economical and practical point of ap- 
plication would be these vents. If carbon 
is used to improve digestion only it may 
be wiser to apply it to the sludge as it is 
pumped to the digestors. Each plant pre- 
sents a different problem that can be an- 
swered correctly only when all the influ- 
encing factors are known. 

Doses reported so far vary from three to 
five parts per million, based on the raw 
sewage flow. These are average figures but 
should serve as a starting point from which 
adjustments may be made as seem neces- 
sary. 

Aotivates carbon will do the work re- 
quired of it best if applied correctly and 
intelligently. Some type of feeding equip- 
ment is essential if the maximum benefits 
are to be derived and, of course, the more 
accurate the dosage, the more consistent 
the results. Wither wet or dry feed ma- 
chines are suitable. There is available for 
a small cost a simplified. wet feeder that 
was designed especially to feed activated 
carbon in sewage treatment. Details of 
this machine can be obtained from our 
New York office on request. 


Conclusion 
As has been said, the use of activated 
earbon in sewage treatment plants is rela- 
tively new and there remains a lot to be 
learned. It is safe to say that at this 
point it has a definite and important place 
in the picture and is here to stay. 
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SEWAGE AND SLUDGE PUMPING’ 


By HENRY RYON? 






Albany, N. Y. 


General 


During the past several years a very marked improvement 
has been made in the methods of pumping sewage and sewage 
sludge, and special pumps have been developed for this service. 
Only a few years ago, however, practically all sewage was 
lifted with pumps designed primarily for handling water. 

The centrifugal dredging pump driven either by a steam 
engine or an electric motor was used with a fair degree of 
success at many stations. While this pump would handle sand 
and gravel satisfactorily, rags would wrap themselves around 
the impeller and necessitate frequent cleaning of the pump 
either through hand holes in the volute or by the removal of 
the side of the case. It was not very efficient and the head 
was limited. The smaller and higher speed centrifugal pump, 
used successfully for pumping water, gave more trouble, due 
to clogging, when used for pumping sewage, than the dredging 
pump. 

Reciprocating pumps were used in many cases. These pumps 
clogged about as easily as the centrifugal pumps; and, if there 
were any sand or grit in the sewage, gave trouble due to the 
scoring of cylinders. At one or two large stations the crank 
and fly wheel pump was used and operated satisfactorily princi- 
pally because of its large size. The ordinary duplex steam 
pump served in a few cases. The single acting triplex pump, 
equipped with ball valves, although not entirely free from clog- 
ging, proved to be the most satisfactory of the reciprocating 
pumps and was used, and is still being used, successfully for 
pumping both sewage and sludge. Its cost is, however, greater 
than that of a centrifugal pump and it is rather noisy. It is 
worth noting that the design of the most modern reciprocating 
sludge pumps have apparently been copied from the old single 
acting triplex pump. 

At almost all of the old pumping stations the sewage was 
passed through bar or mesh screens to remove the rags and 
other solids from it before it reached the pumps. The clean- 
ing of the screens always proved a laborious and unpleasant 
task, and did not entirely do away with the necessity of clean- 
ing the pumps. 


The Pneumatic Ejector 


In order to eliminate the trouble of cleaning screens and 
pumps, the pneumatic or compressed air ejector was developed. 
This device, which was first used about fifty years ago, operates 
by allowing the sewage to flow into an iron or steel chamber 
and, when the chamber is full, automatically admits com- 
pressed air above the sewage thus forcing it out through the 
discharge line. The mechanism operates very successfully, and 
stories are told of ejectors having been lost for several years 
and when rediscovered were found to be operating satisfac- 
torily. It requires, however, air compressors, air tanks, and 
other appurtenances which make the first cost and also the 
maintenance expensive. In addition to this, the efficiency is 
very low. The overall or wire to water efficiency when the 
compressors are operated by electricity vary generally from 
10 to 20 per cent. At present, due to the improvements in the 
design of centrifugal pumps, ejectors are being used less and 
less except in the very small stations or for sludge and screen- 
ings handling. 


Pump Impellers 


The improvement in the centrifugal sewage pumps has been 
largely in the design of the impellers or runners. There are, 
in general, two types of pump impellers, the open and the 
closed. The open impeller gives larger water ways with the 
same size casing, but solids clog between the impeller and the 
casing and rags wrap around the impeller blades. Increasing 
the clearances to reduce clogging, of course, reduces the effici- 
ency and does not prevent rags from stopping the flow. Open 
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impellers, generally with only two blades, serve well in small 
sump pumps and also in sewage pumps of small capacities 
where a closed impeller small enough to give the desired capac- 
ity would not pass solids of any size. In most cases, however, 
the closed or semi-enclosed impeller is to be preferred. 


In the design of closed impellers for handling sewage, the 
water passages have been made wider than in water pumps, 
all sharp edges and turns have been carefully avoided, thus 
reducing the chance of clogging to a minimum. As a general 
rule pumps with impellers of this type will pass solids having 
diameters about one pipe size smaller than the size of the 
pump. One manufacturer is producing a pump with a worm 
feed to force the solids to the impeller of the pump and also 
cut and crush them against hard steel bars running longitud- 
inally of the screw case. Pumps of this type are giving sat- 
isfactory service in several western stations. A rather unique 
impeller is used in some English pumps. The impeller is open 
on the suction side and the blades are considerably wider at 
the shaft than at their ends. The edges of the blades pass 
very close to bars set on the inside of the case and macerate 
the solids entering the pump. 

It is customary to require the impellers of the pumps to 
be made of bronze but with ordinary sewage there seems to be 
no advantage in the use of bronze as compared with that of 
cast iron. A few pumps have been installed having cast iron 
impellers coated with enamel and they are said to be giving 
satisfactory results. The manufacturers claim a slightly higher 
efficiency for this impeller than can be obtained with the bare 
metal impeller. 


Submerged Vertical Pumps 


For the smaller installations probably the submerged vertical 
centrifugal pump is the most commonly used. The sump may 
be made of cast iron or steel or may be of concrete. The 
motor and pump are both supported on a removable iron 
cover so that the pump can be lifted out of the sump for 
cleaning and repairs. Enough head room must, of course, be 
provided to allow the suction to clear the top of the sump 
when the pump is lifted out. It is also desirable that the 
discharge be brought up through the same plate so that it 
may be easily disconnected. In unheated pump houses, however, 
it is sometimes impossible to do this without danger of the 
sewage in the discharge line freezing. Where short separate 
discharges can be used, freezing can be avoided by omitting 
the check valves and allowing the sewage in the discharge 
pipe to flow back into the sump after each discharge. If 
screens are to be omitted it is usually advisable to provide 
a pump not smaller than 3 inches in size. Such a pump will 
have a capacity of from 50 to 300 gallons per minute, depend- 
ing upon design of the impeller and the speed of the motor. 


Float Controls 


Sewage pumps are usually automatic in operation and the 
arrangement of the float control deserves more attention than 
it generally receives. The float may. be connected to the electric 
switch either by a push rod or by a chain running over pulleys 
with a counterweight to balance the float. Either method 
operates satisfactorily if properly arranged. Floats that hang 
unprotected in the sump are apt to be moved sideways by the 
motion of thé sewage causing the chain or rod to bind, or 
the rod to bend, making the float inoperative. In some designs 
the rod has a guide at the bottom to prevent such motion, 
but if the rod sticks in the guide or leaves the guide its inac- 
cessible location makes it very difficult to repair. The lever 
float, sometimes used, has generally proved very unsatisfactory 
for sewage because rags are apt to collect on the lever and 
prevent its operation. As in the case just mentioned it is 
generally very difficult to reach such a float to repair or adjust 
it. The best design is one in which the float is arranged in a 
tube to guide and protect it and a removable cover plate 
provided over the tube so that the float can be readily lifted out. 
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"I THE JEFFREY MANUFACTURING COMPANY 


SANITARY ENGINEERING DIVISION 


996-99 North Fourth Street, Columbus, Ohio 
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Buffalo Scranton Cincinnati Denver Detroit 
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JEFFREY MFG. CO., LTD., OF CANADA. Head Office and Works: Montreal 
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—- this phase of your public endeavor mean a search for the highly efficient way of dis- 
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VARIABLE 





SIDE ELEVATION REAR ELEVATION 


Unusually flexible, the Jeffrey screen and grinder unit may 
be designed to suit any depth or width of channel and may 
be installed at any angle from 45° to vertical. 
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The Jeffrey-Traylor “Waytrol” 
is a precision machine which 
delivers by weight rather than 
by volume and is applicable to 
the continuous weigh - feeding 
of reagents in sewage disposal 
and water purification plants. 








Above, a section of the sec- 
ondary settling tanks in the 
Columbus plant. View at the ' 
ieft shows a section of the 
primary tanks showing the 
Jeffrey sludge collectors. 






Constant-weigh Feeder 
Send for Catalog No. 615-E. (Patented & Pats. Pending) 
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Pumps in Separate Dry Wells 


For the larger pump stations, and even in the small stations 
when the conditions will permit, the installation of the pumps 
in a separate dry well makes the most satisfactory arrangement. 
This leaves the pumps and their appurtenances accessible for 
repairs and adjustment. The pumps may be either vertical 
or horizontal. The vertical pumps have the advantage of requir- 
ing a smaller pit and of keeping all electrical equipment above 
ground and free from danger of flooding, while on the other 
hand the horizontal pumps are easier to keep in adjustment and 
alignment. If the pit is deep, one or more guide bearings will 
probably be required on the shafts of vertical pumps as it is 
necessary to divide the shafts into lengths of not more than 
8 or 10 feet to prevent vibration. I-beams are usually set 
across the pit to carry these bearings, but it is often difficult 
to set these beams so as to get a perfect alignment of the 
shaft. In order to avoid this difficulty, several manufacturers 
are building steel lattice frames extending from the motor 
to the pump. The pump and motor can then be aligned at the 
factory with very satisfactory results. In some cases the 
motor, shaft and pump have been attached to a heavy channel, 
aligned at the factory, and shipped as a unit. 


With the pumps in a separate dry well it will usually be 
necessary to provide some means for removing seepage from 
the well. This may be done with a separate automatic sump 
pump, or, if a cheaper installation is desired, a small valved 
connection may be made from the suction of one of the main 
pumps to a sump and the sump emptied at intervals by closing 
the main suction valve and opening the connection to the sump. 


Design of Suction Well 


The shape of the bottom of the suction or wet well is of 
considerable importance. If it is left flat, solids will collect 
in the bottom and ferment giving rise to unsatisfactory con- 
ditions. The floor of the wet well should have a steep slope 
toward the pump suctions. 

In some cases where the sewage is warm and contains con- 
siderable grease, trouble has been experienced due to the 
grease congealing on the walls of the well and then breaking 
loose in large pieces and entering the pumps and clogging them. 
The openings in the impellers of 4-inch horizontal sewage 
pumps have been stopped several times by this cause. 


Bearings and Glands 


There does not appear to be very much choice in regard to 
the type of bearings used, ball bearings and sleeve bearings 
seem to serve equally well provided they are properly oiled. 
Ball bearings are, however, usually provided to take the thrust 
or to carry the weight of the impeller of a vertical pump. 
The part of the shaft that passes through the stuffing box 
should be of bronze or covered with a bronze sleeve otherwise 
difficulty will be experienced in keeping the packing in condi- 
tion. This stuffing box is usually provided with a water seal, 
although grease seals and special devices are sometimes used. 
In water pumps the water for the seal is usually taken from 
the volute of the pump. With sewage pumps, however, this is 
not advisable for the solids in the sewage are apt to clog the 
small passages and also because the grit in the sewage will 
reach the packing and cut the pump shaft. To avoid the pos- 
sibility of the pollution of the clear water with sewage, the 
water must usually be taken from a constant level tank sup- 
plied from the water lines and not directly from the lines 
themselves. With double suction and open impeller pumps, 
if there is a suction lift, there will probably be vacuum on 
the pump side of the stuffing box and the water seal serves 
to prevent the entrance of air. With end suction pumps, with 
enclosed or semi-enclosed impellers, there may be a pressure 
on the pump side of the stuffing box. The water seal then 
serves to prevent the grit in the sewage from reaching the 
packing and cutting the shaft. The pressure on the water 
seal should of course be greater than the sewage pressure. 


Centrifugal sewage pumps will operate satisfactorily if set 
as high as 15 feet or even a little more above the sewage 
level, but in such cases special priming devices must be pro- 
vided for the ordinary method of priming, by filling the suction 
trom the discharge line, cannot be used because it is inadvis- 
able to attach a foot valve to the bottom of the suction. While 
special priming devices can be used, it is better, if possible, 
to locate the pumps below the level. 


Efficiency and Head 


The non-clogging centrifugal pumps will generally give over 
all efficiencies varying from 35 per cent for the smaller sizes to 
65 per cent for the larger pumps. The lift of sewage pumps is 
usually low and most of the pumps are designed for heads 
under 40 feet but pumps can be obtained that will lift sewage 
against heads as high as 75 or even 100 feet. Beyond this 
head two stages are needed, but the ordinary type of multi- 
stage pump used for water cannot be used because of the many 
sharp turns and the narrowness of the water passages. At 
a station where it was necessary to raise sewage 180 feet 
two pumps connected in series on the same base, with the 
motor between them, have been used successfully. The overall] 
efficiency of the unit was found on test to be 35 per cent. 


Hydraulic Characteristics of Centrifugal Pumps 


With centrifugal pumps, careful attention must be given to 
the hydraulic characteristics of the pumps in designing a pump- 
ing station, particularly if the discharge line is of any consid- 
erable length. 

If an engineer desires a pump to deliver 300 gallons per 
minute against a head of 20 feet he is very apt to add a little 
to the head for safety and specify that the pump shall deliver 
300 gallons a minute against a head of say 21 feet. A typical 
4-inch pump will meet these specifications almost exactly, and 
will require about 2%4 horsepower to operate it and, a 3-horse- 
power motor will serve satisfactorily. If, after installation, 
it is found that the actual head is only 18 feet instead of 21 
feet, due to some unforeseen condition or due to the fact that 
the engineer figured his friction for 10 year old pipe and the 
pipe is actually new pipe, this pump will deliver 600 gallons 
per minute instead of 300 gallons per minute and will require 
3% horsepower. The 3-horsepower motor will in that case 
be overloaded. Conditions similar to this occur very frequently 
and it is best in all cases to require the motor to be of suf- 
ficient size to operate the pump without overheating at any 
head between the maximum and zero. 

When two or more pumps are connected to the same dis- 
charge line, the reverse condition often occurs. If two pumps, 
having the characteristics mentioned above, are connected to 
a single discharge line, one pump operating alone will discharge 
300 gallons per minute. When both pumps are put in operation 
the friction loss in the discharge line will of course increase. 
With the particular 4-inch pump just mentioned, if this increase 
is only about 1% feet (from 21.0 feet to 22.6 feet) the dis- 
charge of each pump will be reduced to 200 gallons a minute 
or the total discharge of the two pumps will be about 400 gal- 
lons per minute or only slightly greater than the discharge 
of one pump. For this reason it is often found desirable, 
especially with long discharge lines, to arrange the controls 
so that one pump will shut off entirely and the second pump, 
designed for a larger capacity and a little higher head, will 
start when the sewage flow exceeds the capacity of the first 
pump. 

Multispeed motors are sometimes used to meet these condi- 
tions but such motors operate only at certain fixed speeds and 
it is generally difficult to design the pumps to obtain the 
desired capacities at these motor speeds. Any desired speed 
may be obtained by using variable speed motors, but if this 
is done the losses in the resistances greatly reduce the overall 
efficiency of the pumping equipment. 

At the Harlem Valley State Hospital pumping station which 
contains 8 4-inch 450 gallon per minute pumps, a special arrange- 
ment was used. As each additional pump starts the friction 
loss in the discharge line increases approximately 6 inches. 
The controlling float and float switches are so arranged that 
as each additional pump starts the sewage level in the suction 
well is automatically allowed to rise 6 inches. Thereby, the 
total head, and consequently the discharge of each pump, always 
remains the same and has proved a distinct advantage. 


Suction tes Difficulties 


There are several matters in connection with the arrangement 
of centrifugal pump suction lines, particularly where there 
is some suction lift, which, while they seem very simple, have 
caused engineers and operators considerable trouble. There 
must be no high point in any suction line where air or sewage 
gases may accumulate. When the pump is started the accumu- 
lated air will expand, flow to the pump, and stop its operation. 
The reducer at the pump must for this reason always be an 
eccentric reducer with the flat side up. Connections to a 
common suction header must for the same reason be made 
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MERCO-NORDSTROM VALVE COMPANY 


Subsidiary of 


PITTSBURGH EQUITABLE METER COMPANY 


General Offices at Pittsburgh, Pa. 
FACTORIES—Pittsburgh, Hopewell, N. J., Tulsa, Okla., and Oakland, Cal. 


BRANCH OFFICES AND SALES AGENCIES: Buffalo, Philadelphia, 


New York, Columbia, Pittsburgh, Chicago, Saginaw, Davenport, 


Memphis, Kansas City, Tulsa, Atlanta, Houston, Oakland, Los Angeles 


Water, Oil, Gasoline and Grease Meters; Regulators; Lubricated Plug Valves 





Nordstrom Valves are well adapted to the requirements 
of Sanitation Departments for use in sewage disposal plants 
because of their leak-resistant, non-sticking and positive 
shut-off construction. Made in a wide 
range of sizes and for various pressures. 


“SEALDPORT” LUBRICATION — 
The “Sealdport’”’ method of valve lu- 
brication forces Nordstrom Lubricant 
under high pressure between the plug 
and body, making the valve leak-re- 
sistant and freeing the plug to assure 
easy operation. Simply turning a screw 
at the top of the valve completely cov- 
ers both seat and plug surfaces with a 
film of lubricant. 

Lubricant grooves in the valve body 
: and plug are so arranged that the lu- 

Phantom View bricant cannot be blown from the valve 
by the fluid or pressure in the line. 

The Nordstrom method of “Sealdport” lubrication has 
made practical the use of plug cock valves as large as 30” 
in size and assures the most satisfactory 
service for sewage disposal plants. 

In the phantom view, shown above, 
the lubricant grooves on the plug and 
in the valve body may be clearly seen. 
These grooves form an interconnecting 
system which conducts the lubricant to 
the lower end of the plug in either open 
or closed positions of the valve. 

The principle of high pressure “Seald- 
port” valve lubrication may be easily 
traced through the entire valve in the 
phantom view. 

At right is shown plug assembled 
within valve body and with the espe- “ 

cially designed gland A what | he ol 
and yoke in place. Plug Valve 
Should neglect to lu- 
bricate occur, valve will remain tightly 
seated because all unbalanced pressure 
is in a downward direction and can be 
readily freed by inserting a stick of 
Nordstrom Lubricant and turning down 
the screw. 

EMCO - NORDSTROM 
LUBRICATED PLUG VALVES 

These valves have standard gate valve 

face to face dimensions and embody all 


EMCO-Nordstrom ithe advantages inherent to the general 
Valve Nordstrom line, including the patented 











“Sealdport” method of lubrication and plug lifting features 
that make operation easy and positive at all times. It is 
now economical to replace valves of other types with 
these lubricated plug valves since they can be installed 
without altering existing pipe dimensions. 


EMCO METERS FOR SEWAGE GAS 


It has become common practice 
in the design and operation of sew- 
age disposal plants to utilize the 
gas generated during sludge diges- 
tion as a source of heat and power. 
Since modern engineering methods 
have demonstrated that accurate 
measurement is a necessary part oi 
the control of any proeess, the 
metering of this gas is an impor- 
tant matter and the choice of 
meter, one that should be given 
careful consideration. 


Experience has proven that the 
conventional meter used for meas- 
uring manufactured and natural gas 
will not operate satisfactorily on 
this type of service due to the de- 
structive effect which sewage tank 
gas has on materials commonly employed in the construc- 
tion of gas meters. For this reason EMCO Meters for 
Sewage Gas are especially constructed from materials 
which laboratory tests have proven resistant to the action 
of this gas. The outer case is of heavy cast iron with 
interior coated with a special preparation. The workin 
parts are made from stainless steel, lead nickel silver, tinnec 
brass, or illium, depending on the operation each has to 
perform, while a special tannage and treatment is given to 
the diaphragms. 





EMCO 
No. 2/2, 3 and 4 Meter 


The amount of gas obtained from 
sludge digestion is naturally varia- 
ble depending on the disposal proc- 
ess used, climatic conditions and 
type of population served. EMCO 
engineers have a complete file of 
valuable statistics based on years of 
experience with this type of mea- 
surement and will be pleased to 
make recommendations as to the 
size and type of meter best suited 
for any particular installation. 


EMCO Sewage Gas Meters are 
made in a full line of sizes to take EMCO 
care of any volume requirements. No. 41 and 5 Meter 





SPECIFICATIONS OF EMCO METERS FOR SEWAGE GAS 


Size of 





| 
} 

Inches | __ Inches _| Inches 
| 


Meter } Conns., } Length, Width, 
No. | 
0 | %, t or 1% | “Oye 834 
1 1 1,1% or1% | 111% 9% 
2 | 1%, “or 1% | 12% 10% 
2% 2 203% 14 
3 | Zor3 | 22% 16% 
4 3or4 e | 271 4 19%, 
4% 33% 174; 
5 } 4 / 40 20% 





Capacities* 
Cu. Ft. per hour of .6 
Specific Gravity Gas 


| 
| 
| 














| 
Height. Weight, | 14” Pressure 2” Pressure 
Inches, | _ ~—— Pounds’ © Absorption | Absorption 
113% 38 | 175 | 350 
14% 46 275 550 
16% 67 350 700 
25% 227 850 1800 
2733 305 1200 2500 
32% 506 1700 3800 
42 py | 675 3000 6000 
51% 1000 5000 10000 








*Note: Capacity ratings of gas meters are usually based on a gas of .6 Specific Gravity. To correct for gas: having a higher or 


lower gravity, the following formula should be used: 


ys Rg= rating for gas having specific gravity G 


Re =F 





— where: G = specific gravity of the gas 
VG R = rating in table above 
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at the top of the header and not at the center of the side. In 
some extreme cases it has even been found necessary to place 
the suction valves horizontally so as to avoid the accumulation 
of air in the bonnets. Common suctions, that is, single suc- 
tion lines to which two or more pumps are connected, are 
a source of trouble in many cases where there is a suction lift, 
and wherever possible should be avoided. It is often difficult 
in such cases to make each pump take its share of the load. 
When one pump is in operation it is often impossible to start 
the second without shutting down the first and starting both 
together. A slight leak in the stuffing box of one of the idle 
pumps will many times admit enough air to interfere with the 
operation of the other pumps. Even when the pump that is 
not to be operated is entirely shut off, air will frequently 
accumulate in the riser from the common suction to that 
pump and will expand when the other pump or pumps are 
started and enter them and prevent them from operating. 


Sludge Pumps 


Both centrifugal pumps and reciprocating pumps have been 
successfully used for pumping sludge. Where the quantity of 
sludge is large, the centrifugal pumps with suitable non-clog- 
ging impellers are probably the more satisfactory. In many 
cases, such as pumping sludge from the bottom of a settling 
tank, it is desirable to draw the sludge slowly and regulate 
the rate carefully to prevent drawing the upper layer of fresh 
sludge, or even the supernatant liquid through the digested 
sludge in the bottom of the tank. Except in the largest sewage 
disposal plants this may be difficult with a centrifugal pump. 
Tf a small sized pump is used, it is apt to clog. If a large 
sized pump is used it will generally be necessary to decrease 
its capacity at times. Throttling the discharge of a sludge 
pump for this purpose is obviously undesirable. Motors with 
variable speed transmissions by means of which the pump 
speed may be varied without varying the motor speed, while 
rather expensive, may be used very satisfactorily for this 
purpose. Centrifugal sludge pumps must of course be set 
below the water level in the suction well if priming difficulties 
are to be avoided. 

For the above reasons the reciprocating pump is probably 
better adapted for sludge pumping in small sewage disposal 
plants. Where the lift is high and it is not necessary to vary 
the capacity, the ordinary single acting triplex pump, with ball 
valves, has proved very satisfactory. Where the lift is low 
and it is necessary to vary the flow, as is usually the case, 
the diaphragm pump or the plunger pump with large diameter 
cylinders, designed especially for handling sludge, is usually 
preferable. The present tendency seems to be toward the use 
of the plunger pump in preference to the diaphragm pump. 
At the Hudson River State Hospital sewage disposal plant, 
where the 10-inch diaphragm pumps are used about three 
hours daily, the diaphragms have to be renewed every six 
months. 

On the other hand, at this same plant, where 10-inch plungers 
are used, the packing, under continuous operation, has to be 
renewed every three months. These pumps may have one or 
more cylinders. The pumps with two or more cylinders give 
a more even discharge and also a more nearly even load on 
the motor, but the single cylinder pumps serve satisfactorily in 


ieee 





most cases. Where lime is fed into the pump suction the surge 
in the suction line caused by the single cylinder pump some- 
times causes trouble. Different capacities may be obtained 
with these pumps by varying the length of the stroke. This 
is done on some pumps by using an eccentric on the main 
shaft which is adjustable to give any stroke from zero to the 
maximum. On the other pumps several holes are provided 
in the crank so that the stroke may be changed by inserting 
the connecting rod pin in the proper hole. In some cases two 
and three speed motors have been provided with pumps of this 
type to further increase the possible number of capacities. 
The stroke of a diaphragm pump can generally be varied 
from 0 to 3 inches while that of a plunger pump can generally 
be varied from 2 to 5 inches. Shear pins are usually provided 
to release the motor should any hard material stop the plunger. 
It is well to keep the speed of reciprocating pumps rather low 
if smooth operation is desired. Speeds of over 30 or 35 reyo- 
lutions per minute will usually cause vibration although manu- 
facturers often recommend higher speeds. The valves may be 
of the ball or of the flap type. The ball valves usually show 
less tendency to collect solids than the flap valves, but are not 
entirely free from clogging. Rags will pack under the balls 
and sometimes clog the valve chamber entirely. Special easily 
removable caps are generally provided on the valve chambers 
so that the valves will be readily accessible for cleaning. In 
this connection it might be well to note that if an air chamber, 
or alleviator, is provided on the discharge line the discharge 
shut off valve should be between the air chamber and the 
pump or a special drain valve provided for the air chamber. 
Otherwise the sludge in the air chamber will be blown out 
through the discharge valve chamber when the cap is removed 
for cleaning or repairs. Pumps of the reciprocating type need 
not be set as low as centrifugal pumps because they prime 
more readily. 


Friction of Sludge in Pipe 


Where the suction and discharge lines are long it is often 
necessary to consider the friction loss in the pipes when the 
sludge is passing through them. Considerable has been written 
on this subject but there is as yet no standardized formula 
for computing the loss. The loss for a sludge with a high 
water content is about the same as for water but increases as 
the water content decreases until it often reaches 1% times the 
loss for water. The loss is sometimes figured by using a 
coefficient of 60 or 70 in Chezy’s formula instead of the 100 
usually used for water. 


Motive Power 


At the present time most pumps are driven by electric motors. 
It was customary a few years ago to provide auxiliary gasoline 
engines as a source of power when the electric power failed. 
Usually, however, when the electric current failed, the service 
was restored before the operator could start his neglected 
gasoline engine. With the use of underground transmission 
lines and inter-connected power stations, failure of electric 
current has been so reduced that the auxiliary engines are now 
being omitted in most stations. Gasoline engines, oil engines 
and steam engines can, however, be used satisfactorily for driv- 
ing pumps where electric current is not available. 
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CHICAGO PUMP COMPANY 


2349 Wolfram St., CHICAGO, ILLINOIS 


MECHANICAL AERATORS 
SWING DIFFUSERS 


COMMINUTORS 
SCRU-PELLER PRIMARY SLUDGE PUMPS 


FLUSH-KLEENS FOR LIFT STATIONS 
NON-CLOG SEWAGE PUMPS 
SEWAGE SAMPLERS 
ODEEOMETERS 
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COMMINUTOR 


ELIMINATES—Screenings and Screen- 
ings Disposal 


PREVENTS—Odors and Flies 








SAMPLES 
IN PROPORTION 


TO FLOW 


Fig. 2175 (Left)—True-Test 
Sewage Sampler 


Two types: Stationary 
and Portable. Three types 
of control: Manual, auto- 
matic by float, and auto- 
matic by flow meter. Ask 
for Bulletin 128-G. 





Cuts Coarse Sewage Matter Into 
Small Settleable Solids Without 
Removal from the Channel 

















Figure 1795—Water Seal and Meter Seal Pumping Unit 
. Ask for Bulletin 128-E 
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The “Flush-Kleen” Is the Only Sewage Pump That Can Handle 
Small Capacities Without Clogging 


Most Reliable 
Sewage Pump 
Made 


Ideal for 
Lift Stations 


Submerged and 
Dry Basin Types 


Automatically 
Backwashes 
Strainer 
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Keeps Solids 
From Basin 
and Pump 





Impeller Handles 
WATER ONLY 


How the “Flush-Kleen” Operates 


“Flush-Kleens” are installed in duplex sets, with an ‘‘Auto- 
matic Alternator’’ to transfer the operation from one pump to 
the other. Only one pump operates at a time, except in extreme 
emergencies. 


While one pump is operating, flows into the basin 
through the idle pump and through an overflow strainer. This 


prevents sewage from backing up in the sewer line. 


sewage 


Coarse sewage matter is stopped by the strainer in the idle 
pump and is held in the strainer chamber built in the discharge 
pipe of the pump, only water passing into the basin. 


When the idle pump starts operating, the accumulation of 
coarse matter in the strainer chamber of the pump is flushed out 
with the water, just like backwashing a filter, and is discharged 
into the sewer. The check valve in the inlet is forced shut 
when the pump starts operating. This prevents the pump from 
discharging back through the inlet line. 

Each pump is float-controlled, and the ‘Automatic Alternator” 
transfers the operation from one agen to the other. 

“Flush-Kleens” are the only reliable sewage pumps for handling 
small capacities. They will not clog and require no attention, 
except periodical lubrication. 
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Fig. 1765—Vertical Pedestal- Fig. 1731-1—Vertical Open- 
« Mounted Non-Clog Pump shaft Non-Clog Pump 
; High motor is flood protec- Universal Flexible Couplings 
. tion. Pump occupies only in shaft compensate for mis- 
about one-third floor space as alignment. Ask for Bul- 


_ horizontal unit. Bulletin 127. letin 126. 





“SCRU-PELLER” 
Primary Sludge Pump 


Fig. 1860 (Left).—The Chicago ‘“Scru-Peller” 
Sludge Pump which was designed especially for 
pumping Primary Sludge. The casing has been 
cut away in this picture to show the screw con- 
veyor in the suction ahead of the impeller. The 
capacity can be varied instantly from maximum 
of the pump all the way down to 1 G.P.M. 
Stellited cutters prevent clogging. Ask for Bul- 
letin 128-D. 
































2502 — Vertical 





Fig. 1774—Horizontal Non-Clog Pump 

Being mounted directly on base prevents pump 
being pulled out of alignment by long lines of 
piping. Ask for Bulletin 127. 

















Protected-Shaft 

Non-Clog Pump 

Flexible mounting 
at floor plate and 
flexible coupling at 
Pump compensate 
for misalignment. 
Ask for Bulletin 126. 











Fig. 2087—Duplex Vertical Enclosed- 
Shaft Non-Clog Pumps 
Tongue-and-groove construction in- 


sures perfect 
Bulletin 124. 


alignment. Ask for 
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MECHANICAL AERATORS and SWING DIFFUSERS 


Especially Designed for Operation on Tapered Aeration Principle 


Fig. 2312 (Right) — “Chi- 
cago” Mechanical Aerator for 
complete treatment of sewage 
by the Activated Sludge Proc- 
ess. Flora, IIL, installation 
giving 98 per cent reduction 
of a domestic sewage of 570 
p.p.m., 24-hr. average (5-day) 
B.O.D. Power consumption 
of 0.337 Kilowatt hours per 
pound of B.O.D._ reduced, 
measured on the primary ef- 
fluent of 330 p.p.m. B.O.D. 
Ask for Mechanical Aerator 
Bulletin 128L. 


Chicago Pump Co. also 
manufactures the Swing Dif- 
fuser which has the following 
exclusive feature: Clogged or 
defective diffuser tubes may 
be raised out of tank for serv- 
icing without draining the 
tank. “Chicago” air diffusion 
equipment delivers more oxy- 
gen per cu. ft. of air supplied. 
Ask for Bulletin 128-M. 





COMBINATION AERATOR-CLARIFIER 
FOR SMALL TOWNS 
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= CLARIFIER COMPARTMENT ——. iad 
AERATION. ~ —— 
yt, a, Fig. 2307 (Left)—“Chicago” Combi- 
ae nation Aerator-Clarifier for Activated 
= i he Sludge Sewage Treatment Plants serv- 
WASTE . ing populations between 100 and 4,000. 
SLUDGE 3 Po a Pertorms aeration and_ clarification 
DRAW-OFF ee Oo! simultaneously in a single tank. Ef- 
se ey fects sewage purification up to 98 per 
cent. Requires less than two hours 
manual supervision daily. Ask for Bul- 
letin 128-K. 
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OPERATING CONTROL TESTS FOR THE ACTIVATED 
SLUDGE PROCESS 


By T. R. HASELTINE 
Sanitary Engineer} Kansas City, Mo. 


The first requirement of the activated sludge process is the 
maintenance of dissolved oxygen in the aeration tanks. As early 
as 1926, Harris, Cockburn and Anderson’ stated this principle of 
the process very clearly. Their work proved that “the dissolved 
oxygen adsorbed by the sludge is a constantly decreasing amount 
from its contact with the intlowing sewage to its discharge from 
the reactivation channels. The starting point of the process of 
reactivation may be accepted as the point nearest the inflow of the 
aeration tank at which dissolved oxygen first appears. The de- 
gree of reactivation that takes place in the aeration tank is de- 
pendent upon the balance maintained between the supply of, and 
the demand on, the dissolved oxygen and the period of detention 
as timed from the determined starting point.” 

Every operator of an activated sludge plant must know that 
the process is dependent upon aerobic bacterial action. Therefore, 
it should be evident to all that the presence of dissolved oxygen 
in the aeration tanks is a prime requisite for the proper function- 
ing of the process. In spite of its self-evident nature some opera- 
tors may lose sight of this principle of the process, due perhaps 
to their efforts to comprehend and apply the never-ending stream 
of articles dealing with the relative merits of pH control, various 
types and designs of structures and equipment, or the use of 
chemicals as an adjunct to the process. It is, therefore, very re- 
freshing to read Mr. Anderson’s timely and extremely logical 
articles” * * on the operation and control of the Rockville Center 
activated sludge plant. It was those articles that led the writer 
to prepare the following discussion for publication in WATER 
Works AND SEWERAGE that carried Mr. Anderson’s two articles. 


"Tapered Aeration" 


The “tapered aeration” effect while not new in principle, is 
worthy of far more widespread application than it now receives. 
The writer operated the Salinas, California, plant’ from 1930 to 
1933. During that time we found, after extensive experimentation, 
that the best results were obtained by so adjusting the air dis- 
tribution that (a) there was an appreciable amount of dissolved 
oxygen in the sludge reaeration compartments, (b) there was at 
least a small amount at the inlet of the aeration compartments, 
and (c) the dissolved oxygen gradually increased towards the 
outlet of the aeration compartments. This required the use of 
from 55 to 70 per cent of the total air applied in the first half of 
the aeration tanks. The percentage increased some with high 
sewage flows, low air supplies, or bulked sludge and visa versa. 





Settling 7ime/ Wises 


Fig. 1—The Effect of Sludge Density (Sludge Index) on the 
Volumetric Sludge Settling Test. 





Dissolved Oxygen Tests 


To maintain “tapered aeration” it is, as Mr. Anderson points 
out, necessary to make frequent dissolved oxygen (D.O.) de- 
terminations throughout the aeration tanks. However, the writer 
marvels at the success of Mr. Anderson* in using the regular 
Winkler method for such determinations; first, because one would 
expect interference from nitrites and, second, because it has been 
our experience that the sludge floc adsorbed some of the reagents 
and masked the end point of the titrations. We doubt if the 
operators of many activated sludge plants would find the regular 
Winkler method satisfactory. The Report of the Committee on 
Methods of Sewage Analysis® states that “as a rule nitrites will 
occasion erroneously high results when present in amounts ex- 
ceeding 0.1 p.p.m. of N. as nitrite. Interference due to nitrites 
may be expected in dealing with effluents from biological oxida- 
tion devices.” Whenever the presence of nitrites is suspected 
the report recommends the use of the permanganate modification 
of the Winkler method. At Salinas our crude sewage had an 
organic-plus ammonia nitrogen content of about 65 p.p.m. Our 
final effluent usually contained from 0.2 to 3.0 p.p.m. of nitrite 
nitrogen. As might be expected we found the regular Winkler 
method valueless under such conditions; in fact, we had to use 
a double strength permanganate solution much of the time. 

The accurate determination of the dissolved oxygen in the 
mixed liquor of the aerators is extremely difficult and requires 
special apparatus such as was devised by Theriault and Mc- 
Namee.' They state that the usual technique of working only 
on supernatant liquor from settled sludge gives low results (not 
subject to empirical correction) due to the high oxygen demand 
of the sludge itself. However, the writer believes that with 
proper care it is entirely permissible (for routine plant control) 
to work on a supernatant liquor and thus avoid the complications 
of sludge floc or the use of special equipment. It is always de- 
sirable to have a margin of safety in plant operation and the 
errors pointed out by Theriault and McNamee are on the side 
of safety. 

At Salinas we collected samples of mixed liquor from various 
points throughout the aerators in 2 liter bottles. The bottles 
were completely filled, stoppered and allowed to stand until 270 
m.l. of fairly clear supernatant liquor could be siphoned off into 
small bottles. The permanganate modification of the Winkler 
method was then used to determine the dissolved oxygen content 
of these smaller samples. Ordinarily 5 to 15 minutes’ standing 
of the 2 liter samples would result in sufficient clarification 
although at times of severe bulking. as much as 40 minutes 
elapsed before the small samples could be siphoned off. On sev- 
eral occasions we siphoned off a second small sample an hour or 
two after taking the first one and repeated the D.O. determina- 
tions. The decrease in dissolved oxygen in the supernatant over 
the elapsed time was surprisingly small even though the liquor 
had been underlain by sludge all that time. 


Second Operating Requirement 


The necessity of maintaining an adequate supply of dissolved 
oxygen in the aerators at all times, when coupled with the de- 
sirability of keeping the power expenditure for aeration at a 
minimum, leads directly to the second operating requirement— 
namely, that of keeping the oxygen demand of the mixed liquor 
at a minimum. The oxygen demand of the mixed liquor is in 
part due to that of the sewage and in part due to that of the 
sludge. However, that of the sludge is so much the greater, 
that of the sewage becomes almost negligible. Grant, Hurwitz 
and Mohlman* proved in the laboratory that (a) mixtures of 
sewage plus sludge absorb oxygen in proportion to the weight 
of sludge but with increasing amounts of sludge most of the 
oxygen demanding material of the sewage is coagulated or ad- 
sorbed by the sludge so that very little oxygen is required for 
the unadsorbed material, and (b) small amounts of sludge re- 
duce the B.O.D. of the sewage almost as rapidly as do oe 
amounts. Their findings have since been proven in many full 
scale plants. 

It is, therefore, the problem of the operator to first determine 





*From WATER WoRKS AND SEWERAGE. 
7With Chas. A. Haskins, Consulting Engineer, Kansas City, Mo. 
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the minimum weight of sludge that it is necessary to carry in 
his own individual plant and then, second, to so control the rate 
of sludge return that that minimum amount is never greatly 
exceeded. To solve that problem it would be desirable to have 
some rapid and accurate means of approximating the weight of 
solids in a given volume of mixed liquor or return activated 
sludge. As yet no universally satisfactory method of making this 
determination has been devised. Three methods that have been 
more or less generally used are (a) settling tests, (b) suspended 
solids determinations, and (c) centrifugal tests. 
All have their disadvantages. 


Settling Tests 


These are the simplest tests and were the earliest tests used. 
Samples of sludge or mixed liquor are simply collected in liter 
graduates, allowed to stand for some given time, and the per cent 
of settleable solids observed at the end of the given time. In 
the early days it was usually customary to carry about 20 per 
cent sludge, after 30 minutes standing, in the mixed liquor. The 
test is still used and is quite helpful so long as its limitations are 
kept in mind. Various standing times are used ranging from 
10 minutes to 1 hour. 


Attempts to correlate the volume of settleable solids, as deter- 
mined in this way, with the actual weight of the suspended solids 
in the sample soon showed that no such relationship existed 
unless the sludge index® was also taken into consideration, see 
Figure 2. “The sludge index (S.I.) is the volume in cubic 
centimeters occupied by 1 gram of sludge solids after settling 
30 minutes.” The longer the settling test samples are allowed 
to stand, i.e., the more the sludge compacts, the less the influence 
of the S.I. on the results of the test and hence the closer their 
approximation to the actual weight of sludge solids present. 
Figure 1 illustrates this point fairly well. However, the rate of 
sewage inflow to the aeration tanks is constantly changing and 
tests to regulate the amount of return sludge must be rapid if the 
weight of sludge solids returned is to be varied in accordance 
with the sewage flow. 

In general the settling test alone can not be relied on except in 
the smallest plants, and even then only in those small plants that 
are so amply designed that they are subject to little bulking. In 
such plants the possible saving in power may not be great enough 
to warrant the added cost of conducting more accurate test 
methods. 


Suspended Solids Determinations 


Suspended solids determinations are the only accurate means 
of determining the actual weight of sludge solids in a given 
sample of mixed liquor or return sludge. Unfortunately so much 
time is required for making the determinations that the test is 
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useless as a means of coordinating the hourly rates of addition 
of sludge solids with the hourly rates of sewage inflow to the 
aerators. In spite of this handicap the test is extremely valuable 
and should be made at least once a day at all but the very smallest 
plants. It should be made at the same time each day; the time 
selected should be such that the sewage flow for the past several 
hours has been nearly identical with that of the same hours of 
each preceding day. 

For example, at Salinas’ we took samples for suspended solids 
determinations each day at 9 a. m., there being only slight day 
to day variations in the hourly rates of flow received at that plant 
between 2 a. m. and 9 a. m. We governed the daily amount of 
activated sludge wasted almost entirely by the results of these 
determinations. (The rate of sludge withdrawal from the clari- 
fiers was governed by hourly determinations of the depth of sludge 
in them. We attempted to keep the rate of withdrawal as low as 
possible without permitting more than.a 1l-foot depth of sludge 
at the sides of the Dorr tanks.) This procedure did not ac- 
complish the very desirable end of keeping the suspended solid 
content of the aerators constant at all times throughout the day. 
It was probably at a minimum about 11 a. m. when the peak 
flow started coming in and at a maximum between 10 and 11 p. m. 
when the flow started dropping off rapidly. However, it did serve 
to keep the average daily suspended solid content of the aerators 
fairly constant. 

Before leaving the subject of gravimetric solids determina- 
tions the writer wishes to make a plea for all operators to base 
their control on suspended solids determinations rather than on 
total solids determinations. It is the suspended solids in the 
sludge that exert the bulk of its oxygen demand. It would be 
permissible to base plant control on total solids determinations 
only if the dissolved solids were practically constant. Such is 
not the case—at Salinas,’ dissolved solids in the mixed liquor, 
and plant effluent, ranged from 600 to 1500 p.p.m. under varying 
sludge conditions. 


Centrifugal Tests 


This test consists of collecting samples of mixed liquor or 
sludge in 15 ml. centrifuge tubes and “spinning” them for a 
given short time (2 to 5 minutes) in an electrical centrifuge. A 
hand centrifuge will not serve because of the impossibility of 
always spinning the samples at the same speed. The writer first 
heard of this test being used at the Indianapolis plant some eight 
or nine years ago. We tried it for several months at Salinas. 
Mr. Anderson*** has recently reported its successful use at 
Rockville Center. The test has probably been used at several 
other plants but it has never been widely adopted. To the 
writer’s knowledge, Mr. Anderson is the first to mention it in 
the literature. 

Like the settling test, the centrifugal test is at best volumetric 
determination. Nevertheless, it has two outstanding advantages 
over the gravity settling test. (a) It is extremely rapid and so 
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al 4714 Sheffield Avenue, Hammond, Indiana 
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in : equipment in the last 21 years could 
‘ic The OK Champion hardly be estimated. Private industries, 
es Power Sewer Cleaner railroads, steel mills and manufacturing 


50 plants use it extensively to reduce the 
maintenance cost of their own sewer sys- 
tems. Army posts and airports depend 
on it and hundreds of cities and towns 
safeguard their health and the working 
efficiency of service and storm. sewer 
pumps and system by its periodic use. 


@ Unequaled for low cost, rapid, complete 
sewer cleaning. Remember that every bucket- 
ful comes out and is immediately put on the 
street or into containers. No dipping into man- 
holes to remove deposit accumulated by flush- 
ing or dragging. Bucket travels normally at 
55 feet per minute. The job is completed in 
unexpectedly short time. Automatic clutch 
prevents any injury to sewer due to solid ob- 
structions. If the bucket lodges against joints 


or joint cement, the machine is instantly out ; OK Champion 
of gear without action by the operator. The OK Champion J ; C i 
Standard Sewer unior eaner 
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* Cleaner All O. K. Champion Cleaners are complete with 

buckets to fit various sizes of sewer from 6 inch to 
® Uses the same ul- 6 feet and larger and are supplied with full equip- 
tra efficient patented ment to do any kind of sewer cleansing job at ex- 
expansion bucket tremely LOW COST. 


principle. This equip- 
ment is in use in 38 
states and in many 
foreign countries. 
The thousands of 
miles of sewers kept 
in perfect functioning 
conditions with this 
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SLUDGE BLANKET DETECTOR AND TURBIDIMETER 
By DON E. BLOODGOOD 


Engineer, Sanitation Plant, Indianapolis. Ind. 


To a sewage plant operator, the appearance of the effluent is 
the best indication of the effectiveness of the treatment process. 
But to convey to the superintendent an accurate description of 
the appearance, in writing, is difficult. A superintendent should 
know each morning the hourly condition of his plant during his 
absence. He also wants his operators to be able to tell him 
how one day’s effluent compares with that of any other day. 

To supply this information in the most concise, yet explicit 
form, an instrument has been constructed at the Indianapolis 
Sewage Treatment Works which can be used as a portable tur- 
bidimeter and a sludge blanket detector. It consists of an 1%4 
inch I.D., 0.065 wall, 2 FH aluminum tube 68 inches long with a 
sleeved brass collar on the bottom into which the brass moisture 
proof lamp case screws. There are four ports in the cap which 
admit water but exclude all outside light. The glass disk is held 
against a rubber gasket making a water tight joint. In the 1/32 
inch metal disk there is cut a % inch cross of 0.012 inch opening 
with the center closed off by a piece of metal not larger than 
3/32 inches in diameter to blank out the bright spot caused by the 
bulb filament. The light reflector is painted with aluminum paint. 
The operation of the lamp is identical with the ordinary two cell 
flashlight except for the self-operating mercury switch. This 
mercury switch is in the base cap of the lamp case and is con- 
structed in a case of sealing wax. The sealing wax was first 
run into the base cap and sloped to a small depression in the 
center. A short piece of No. 24 platinum wire was set on each 
of opposite sides of the depression with the ends about %th of 
an inch apart. One wire is grounded to the base cap and the 
other is connected to a copper plate, making a connection with 
the battery through the coil spring. Only a very small drop of 
mercury is needed in the switch. After the mercury is placed, a 
heavy paper disk is set over the top of the mercury pocket and 
the cap is filled with sealing wax. 

In use, the instrument is submerged to a point at which the 
cross disappears and then the scale on the side of the tube is 
read by looking in to the six-sided mirror of the float, in one plane 
of which the figures will show. The mirrors are set at a 45° 
angle with water proof china cement in sycamore or any other 
tough light wood. 

The portable turbidimeter was calibrated by getting the sub- 
mergence in effluents of known turbidity. This data when plotted 
on logarithmic paper gave a curve somewhat different than did 
the data of the standard U.S.G.S. turbidity table, as can be seen 
by the accompanying graph. The scale for any turbidimeter con- 
structed could be obtained from the graph of the calibration data 
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Graph for Converting Submergence Into Trubidity Reading 


or it could be calculated by developing a formula for the particular 
curve, similar to the formula of the standard curve: 
log y =— 1.106598 log X + 2.6570 
in which y= p.p.m. of turbidity and X = submergence in inches. 
The curve for the portable turbidimeter herein described is: 
log y = —1.35652 log & +3.2085 
The shortcomings of the portable turbidimeter are appreciated. 
The turbidity increases at lower levels of the basin so that the 
readings obtained may not describe the nature of the actual 
effluent and yet be indicative of plant operation. At Indianapolis, 
however, the information obtained through the use of the portable 
immersion turbidimeter has been very helpful in connection with 
plant operation. 
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Portable Turbidimeter and Sludge Blanket Detector Used at Indianapolis Sewage Treatment Works 
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SAUEREISEN CEMENTS COMPANY 


367 Sharpsburg Sta., Pittsburgh, Pa. 


Manufacturers of Technical and Industrial Cements and Compounds 


SAUEREISEN CEMENTS FOR ACID-PROOF 
SEWER CONSTRUCTION AND 
JOINT COMPOUNDS 

SAUEREISEN Cements are used the world over, and in 
every field in which they have been used have proven 
their worth and dependability in actual service for years. 
SAUEREISEN has developed and produced cements and 
compounds for sewer construction and for joints that are 
especially adaptable for this use. We ask that you 
write for our new 62-page catalog, picturing and de- 
scribing our complete line for every purpose. 
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CONCRETE ACID SEWERS 
SAUEREISEN CEMENT Neo. 31 


This is a modern, quick-setting, self-hardening cement, 
which can be mixed on the job as it is being used, in cor- 
rect, specified proportions, thus eliminating all hazards of 


careless mixing. 

It is highly resistant to all acids encountered in sewer 
use, and is proof against solvents, chlorine, bromine, etc. 

It makes a water-proof joint, there being no expansion 
or contraction in the hardened cement joint. 

SAUEREISEN No. 31 is shipped as a white powder, with 
sufficient liquid binder to make a smooth, creamy paste, 
as used. These two parts are shipped as a unit. For best 
results, use 70% Filler with 30% Binder, stirring slowly 
and mixing thoroughly. 


SAUEREISEN 
JOINT COMPOUNDS 


For Cast [ron Water Mains and 
Transite Pipe 

SAUEREISEN No. 48 is a melting compound with sul- 
phur as its base, combined with other ingredients to melt 
and pour easily. It is high in tensile and compression 
strength, adheres ideally to brick or tile and resists water, 
acid, oil, etc. 

[t comes in powder or ingot form, improves with age, 
and solidfies almost immediately on being poured. Un- 
used compound left over can be re-melted and used again. 










‘Let us quote on your requirements. 


For Bell and Spigot Joints on Cast Iron or Tran- 
site, it is admirably adaptable, and is economical to 
use. In fact, four times as much jointing can be done 
with No. 48 as with an equivalent weight of lead. 

Especially safe for jointing pipe under pavements, 
stream beds, railroad crossings, etc., where repairs mean 
endless expense. Impervious to moisture. 


For Vitrified Sewer Pipe 

For the specific problem of jointing vitrified tile pipe, 
SAUEREISEN No. 45 was developed. It is a black, perma- 
nent, pliable solid material, having a 
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Pouring Sauereisen No. 45 with pipe sections lying 
horizontally for joints made in the trench. 


sufficient heat. Because it is somewhat pliable, a deflec- 
tion of sub-grade or fill will cause no trouble. 











SERVICISED PRODUCTS CORPORATION 


Telephone Grove Hill 0423 
MANUFACTURERS AND ENGINEERS 


6051 West 65th Street (Clearing Station), Chicago, Il. 


Factories: Chicago, Ill., Syracuse, N. Y., Wilmington, Del. 


PRODUCTS— 
Premoulded Sewer Pipe Belt 


Dstributors and Dealers in 
Principal Trading Centers 


Epis = $$PRODUCTS— 


rit Tunnel Liners. Bridge Paving 


Quick Drying (Q.D.) Asphalt Primer QUALITY Water Proofing Protection Course 
PRODUCTS 


Asphalt Compounds (for Hot Poured Joints) 


Tufflex-Plastic Cement Servitite 
Sewer Liners. Asphalt Planking 


NOTE: The ends 
of each strip of 
belt are beveled so 
that a perfect meet- 
ing is made for a 
tight joint with no 
leakage. 





Highway Crossing Rail Filler 
Expansion Joints 
Rubber Tile Flooring. Copper Coated Roofing 


PREMOULDED SEWER PIPE BELT 
The Most Modern Method of Jointing 


HE job of jointing sewer pipes has been done for many years, 

Engineers have specified materials for the job, contractors have 
bought materials, workmen have applied the materials. The jobs have 
been done—but many were not well done. Although progress has been 
made from time to time the perfect job to be desired in a sewer joint 
is the one which is long-lived, water-tight, flexible, root-proof, and 
resistant to acids. 


SERVICISED PRODUCTS CORPORATION first answered the 
demand for material with these qualities, and Servicised has gone further 
by producing a better product for the also important factors of EASE 
OF INSTALLATION, EASE OF INSPECTION, and SAVING OF 
LABOR. 


EIGHT REASONS IN FAVOR OF BELTS 


I. EASE OF INSTALLATION. 
The job of installing Pre-moulded 
3elt is extremely simp‘e. A workman 
knows in advance what to expect. He 
picks up a section of required size and 
skape, places it, and drives it home— 
the job is done neatly—quickly—prop- 
erly, with no excuse for puttering 
around. 

II. LABOR SAVING. The follow- 
ing labor (Time) is saved: 

1. No excavation need be made under 
the bell of the pipe as the jointing belt 
is placed in the bell prior to entering 
the spigot. 2. The pipe is centered 
automatically when laid on Pre-mould- 
ed belt—Pre-moulded belt is fool proof 
due to its design and can only set in its 
proper position. This means that the 
usual time required for adjusting and 
setting supports is eliminated. 3. Time 
used setting runners, preparing, clean- 
ing out, etc., is eliminated. 4. There 
is no boiling pot time to be paid for. 
5. No jute or oakum expense. 

III. ROOT-PROOF. The fibrated 
asphalt belt entirely filling the joint 
prevents entrance of capillary and 
large roots. 


IV. EASE OF INSPECTION.— 
CAMOUFLAGE PROOF—FALSE 
APPEARANCE PROOF. An in- 
spector can see from the top of the 
trench that the joint is properly calked. 
If more than a hump is visible, the belt 
needs more calking. This is an impor- 
tant factor because it has to do with 
the fallibility of workmen. Joints with 
other materials are too easily camou- 
flaged. Without a close checkup you 
never know if the annular space is 
actually and properly filled. 


V. TIGHT JOINTS. Correctly 
calked Pre-moulded Belt completely 
fills the annular space with water- 
tight material which is perfectly adhe- 
sive to dry clay pipe glaze. ; 


VI. FLEXIBILITY. Pre-moulded 
Belt Joints adjust themselves to ordi- 
nary trench settlement and ground 
movements. This is due to the nature 
of asphalt and the tensile strength 
added by the fibrous component mate- 
rial. There is reasoning and a long 
period of laboratory and “On the Job” 
testing behind this product. 
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VII. RESISTANCE TO ACIDS. The specially prepared bitumens make Pre-moulded Belt impervious to the action of sewer 
liquors and acid resisting. 

VIII. ORDER EXACT AMOUNT. The length of installation known, number of sections and joints known, the contractor can 
order the exact amount and exact size of material. There is no guessing, no experience in buying required. No over supply to be 
stored. No insufficiency due to wasteful use. This factor often makes a great material saving. 
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READY-MIXED 


TUFFLEX 


SEWER JOINT 
COmpPOUND 





Order in Full Size Drums as Above for Economy. 
Smaller Size Containers Are Also Available. 


Tufflex has been widely used for many years and is one 
of the most important pipe joint compounds on the mar- 
ket today. Cold trowelling has many advantages over 


hot pouring or cement grout joint methods. Pre-heating 


SERVICISED TUFFLEX 


time is saved, and runner setting time is saved. Tufflex 


will set under water. 


“Cold trowelling plastic for sewer pipe joints.” Our old 
stand-by plastic compound for economical sewer pipe 
joints. Tufflex is highly water-proof, flexible and ad- 
hesive as are all Servicised asphalt materials. Tuftlex 


comes to the job already mixed for use. 


Tufflex, unlike Servitite, comes to the job already mixed 
in convenient sized air-tight drums to be applied directly 
to the pipe. When only part of the drum is used cover 
may be easily replaced to keep Tufflex in perfect condi- 


tion for future use. 


Sewers require repair when broken from ground move- 
ment. A movement of one inch in one section of a line 
should be taken up by the flexible joint compound. 
Tufflex is guaranteed to have this flexibility. Foreign 
matter such as soil or roots often work into joints and 
cause a stoppage of the flow. Tufflex also is made with 
a root-deterrent and being cohesive as well as adhesive 


does not allow soil to infiltrate. 


COLD PLASTIC COMPOUND SERVITITE, CONVENIENT, 
SIMPLE MIXING 





HARDENS UNDER WATER 


Servitite comes in units of 128 pounds of which 100 
pounds is in powder form and 28 pounds in liquid form. 
These proportions are arrived at so that any number of 


mixings will use up the unit. 


The root of all (or most) evil to sewer pipes is the 
growth of tree roots through faulty joints. Although 
a metal might repel a root due to hardness, the materials 
used for sewer pipe joints are not of that nature. There- 
fore, the only way to stop root growth is to introduce 
an ingredient in the material which will stop root growth. 
Recommended by the Clay Pipe Association as a neces- 
sary improvement Servicised Products Corporation pre- 
pares all “Servitite” in this manner. 


To make a tight joint a material should be used that will 
permit no doubt of the joint being full and the pipe 
centered in an equal amount of joint material on all sides. 
Also, the material should be one which will not wash 
away. Many types of material give a false appearance 
indicating that the joint is full whereas much of the ma- 
terial has run down into the pipe leaving a hollow space 
in the material which is easily broken down when trench 
settlement takes place. Servitite plastic cannot run or 
crumble away. Servitite fills every joint tightly adhesive 
to the pipe for a long life. 


We also make hot asphalt pouring compounds. 


Write for our catalog—Non Extruding Expansion Joints. 
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ACTIVATED SLUDGE THICKENING” 


By D. TRAVAINI 


Superintendent, Sewage Treatment Works, Phoenix, Ariz. 


Phoenix, Arizona, has an activated sludge plant with Dorrco 
aerators, and utilizes separate digestion of mixed crude sludge 
solids and the wasted activated sludge. C. C. Kennedy, Con- 
sulting Engineer, who designed the plant, provided a sludge 
thickener for the purpose of concentrating activated sludge. 

The sludge thickener, as constructed, is a circular tank 35 ft. 
in diameter with an effective depth of 9 ft. at the periphery of 
the tank with 1 ft. of free board above the water level. The 
thickening mechanism was supplied by the Dorr Company and 
consists of a picket fence made of 2-in. pipe on 6-in. centers ex- 
tending 5 ft. above the bottom of the tank floor. This is attached 
to the bracing supporting the bottom scrapers. A skimming arm 
is also provided. See Fig. 1. 

The tank is centrally located and arranged so that waste 
activated sludge, mixed liquor, plant effluent, primary sludge, or 
digester overflow liquor can be admitted through pipe inlets at 
one side of the tank, approximately 18 ins. below the water level. 


*Excerpts from an article appearing in WATER WORKS AND SEW- 
1934. 


ERAGE, April 





Fig. 1—Thickener Mechanism Showing Picket Fence Bottom 
Scrapers and the Sacramento Type Inlet Baffle 





























SACRAMENTO BAFFLE 
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Fig. 3—Detail of Sacramento Baffle and Plan of Thickener, Showing Location of Baffle and Points of Chlorine Application 
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Fig. 2—Sacramento Baffle and One of the Three Chlorine Hose 
Inlets 


A 24-in. redwood baffle 13 ft. long was provided in front of the 
pipe inlets. 

The original baffle at the inlet was not satisfactory. Short 
circuiting was so pronounced that it prevented effective utiliza- 
tion of the tank capacity. After considerable investigation, a 
Sacramento baffle was installed in May, 1933, and ended the short 
circuiting troubles. We attribute the successful use of the thick- 
ener to this baffle and the installation of a Wallace and Tiérnan 
chlorinator made at the same time, the value of which will be 
discussed later. Before these improvements were made we were 
prone to look upon the thickener as a liability rather than an 
asset. 

The Sacramento type baffle was developed under the direction 
of Professor Charles Gilman Hyde more than ten years ago. The 
structure built at Phoenix consists of a redwood baffle 24 ins. 
from the wall at the water surface, tapering to 9 ins. at the wall 
36 ins. above the intersection of the vertical wall and sloping 
bottom. This baffle is perforated with 4-in. square openings on 
18-in. centers, both ways. Nine inches in front of these openings 
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WALLACE & TIERNAN CO., INC. 


Manufacturers of Chlorine and Ammonia Control Apparatus 
Dry Chemical Feed Devices, etc. 
NEWARK, NEW JERSEY 


“The Only Safe Water 


Boston Chicago Detroit 
Bridgeport Cleveland Indianapolis 
Buffalo Columbus Jacksonville 
Charlotte Dallas Kansas City 
Chattanooga Denver Knoxville 


WALLACE & TIERNAN, Ltd., Toronto, Canada 
WALLACE & TIERNAN, Ltd., Winnipeg, Canada 


Is a Sterilized Water’’ 


Lexington Omaha Seattle 

Los Angeles Philadelphia St. Louis 

Madison Pittsburgh Syracuse 
Minneapolis Roanoke Washington, D. C. 


Oklahoma City San Francisco 


WALLACE & TIERNAN, Lid., Montreal, Canada 
WALLACE & TIERNAN, Ltd., London, England 





CHLORINATION OF SEWAGE 


Of all chemicals used in sewage treatment, chlorine has by far 
the widest application. From simple disinfection to use as an 
adjunct to the most involved treatment process, chlorination has 
for many years been the versatile and valued aid of the man 
concerned with sewage disposal. 

Chlorination is employed to stabilize raw sewage, control odors 
along trunk sewers or at treatment plants, protect masonry struc- 
tures from disintegration, increase efficiency of filter beds and 
prevent filter ponding, improve sedimentation and removal of 
settleable solids, improve sludge digestion, prevent bulking in 
activated sludge plants, reduce biochemical oxygen demand and 
retard putrefaction in the receiving water course, disinfect ef- 


fluents before discharge and as a necessary adjunct to nearly any 
process of chemical precipitation. 
DISINFECTION 


Regardless of what the preliminary process of sewage treat- 
ment may be, disinfection of the 
effluent before discharge has 
come to be regarded as a neces- 
sity. Protection of water supplies, 
of bathing places and of shellfish 
propagation beds all require effi- 
cient disinfection. That chlorina— 
tion offers the one practical and 
effective means of sewage disin- 
fection today is universally ac- 
knowledged by sanitarians and 
public health authorities. 


ODOR CONTROL 


Control of obnoxious odors 
from sewage treatment works, 
long outfall sewers and other dis- 
posal plant appurtenances is dis- 
tinctly a field for chlorination. 
Neutralization of hydrogen sul- 
phide (the gas responsible for 
these obnoxious odors) or pre- 
vention of its formation by con- 
trolled application of chlorine, is 
not only practical but also satis- 
factory in results and economy of 
operation. 


B. O. D. REDUCTION 


In order to prevent production 
of odor nuisance, foul appearance 





Visible Vacuum Chlori- 
nator — W&T Visible Vacuum 
Control is now available in equip- 
ments ranging in capacity from 
03 to 2000 pounds of chlorine 
per 24 hours. 


Master 





Installation of four Visible Vacuum Chlorinators at 
the New Haven, Conn., Sewage Disposal Plant. 


and death to fish life in streams receiving the effluents from 
sewage disposal plants, chlorination for B. O. D. reduction has 
become increasingly popular. Offering, as it does, a simple, easily 
controlled and relatively inexpensive means of supplementing 
other purification processes during periods of low stream flow or 
for permanent use at a plant where the dilution factor is low, 
chlorination has, in many cases, eliminated the necessity for ex- 
tensive additions to the regular treatment works. 


IRON SALTS IN SEWAGE TREATMENT 


Lowered cost of chemicals and other contributing factors have 
greatly increased the popularity of iron salts for various uses: in 
sewage treatment, odor control, sludge conditioning, .chemical 
precipitation, etc. 

In whatever form this treatment may be adopted, such’as the 
manufacture of ferric chloride at plant site, the addition of ferric 
chloride or of ferric sulphate directly, or the use of chlorinated 
copperas, W&T are prepared to furnished the necessary equip- 
ment. Complete details on request. 

W&T field representatives will gladly confer with you about 
any specific problem relating to the application of chlorine or 
iron salts in sewage treatment. Technical publications and litera- 
ture are available on request. 
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TABLE 1—RETURNED SLUDGE AND MIXED-LIQUOR (SLUDGE) THICKENING DATA. 
SENT 24-HR. COMPOSITE SAMPLING.) 
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are suspended wooden baffle boards 10 ins. wide. See Figs. 2 


and 3. 
Operation of Thickener 


Since the plant was first placed in service on March 15, 1932, 
the thickener operation has been diversified. We have used this 
structure to concentrate primary sludge, wasted activated sludge, 
combined primary sludge and wasted activated sludge, waste 
mixed liquor, combined primary sludge and waste mixed liquor, 
and digester overflow. The results obtained varied considerably 
and with some of the operations odor nuisance became a serious 
problem. The use of the thickener was, for the time being, 
abandoned. 


On June 2, 1932, activated sludge had built to a point where 
wasting could proceed, and the thickener was again placed in 
service. We were unable, however, to hold the sludge in the 
thickener sufficiently long to obtain the degree of concentration 
anticipated when the tank was designed. When we attempted to 
hold it to increase the solid content to the point anticipated, the 
sludge would rise and odors became pronounced. 


Attempts to Control Septicity 
and Short Circuiting 


In the early part of October, 1932, we arranged to return plant 
effluent to the thickener, hoping that the dissolved oxygen in 
the effluent would retard septic action and thus eliminate odors 
and allow a longer sludge holding period. This procedure ag- 
gravated the short circuiting in the tank and caused the solids 
in the effluent to increase materially. 

The short circuiting in the thickener made it apparent that 
the original baffle was not efficient and resulted in the installa- 
tion of the Sacramento baffle. We also installed a Wallace and 
Tiernan solution feed chlorinator in order to use liquid chlorine 
to retard septic action. With the chlorinator we anticipated ace 
curate control of chlorine applied to the thickener, which was not 


TABLE 2—SLUDGE CONCENTRATION DATA 
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L. A. WESTON 
ADAMS .. . . MASSACHUSETTS 
MANUFACTURERS OF 


WESTON’S GASKET and FORM WESTON’S FORM 
FOR FOR 
RELL and SPIGOT SEWER PIPE JOINTS TONGUE and GROOVE CONCRETE 
(Vitrified or Concrete) SEWER PIPE JOINTS 








Weston's Gasket and Form for Bell and Spigot Pipe. Weston’s Form for Tongue and Groove Concrete Pipe. 
Made of sheet metal. Gasket takes the place of jute, Made of sheet metal. Encloses three-quarters of cir- 
and automatically aligns spigot in bell, insuring an even cumference of the joint. When filled with cement, 
annular space and definite depth remaining in socket for grout forms a collar of concrete 3” wide by 134” in 


tar. Also produces even flow line at the ; . Rig ae 
oe Sor thickness. The top quarter portion of the joint is then 


invert. +] f f 
Form encloses lower half of joint to a point slightly completed by hand, with a collar of cement mortar o 


above spring same dimensions. 
line. Form is 
filled with ce- 
ment grout. 
Upper portion 
completed by 


hand, using a Furnished for all sizes of pipe. 
dryer mix. 


Note: The inside of joint to be pointed up with 
mortar before filling form with grout. 


The Weston 
Gasket and ® 
Form permits 
the making of 
cement joints 
in trenches 
contain- 
ing ground 
water, as latter 
can be drained 
through the 
pipe as it is be- 
ing laid. 


Furnished in 
sizes up to and 
including 24”. 








Photograph shows line of 8” pipe with Photograph shows 42” line of tongue and groove concrete 
gasket and form attached, ready for pouring Est pipe with Weston Form attached. Note back fill to spring 
of cement grout. line before grout has been introduced into the forms. 


Both of above photographs show a part of the installation of the 
Arlington County (Virginia) Sanitary Sewerage System, where over 
100 miles of sewers from 8” to 42” in diameter were laid in 1935. 

All lines were tested for infiltration with a minimum of 4 head of 


water above same. Maximum infiltration allowance was 10,000 gal- 
lons per mile per day (24 hours). 








4 Average infiltration (computed) was approximately 2,500 gallons per mile per day 


In view of the rigid infiltration test, Weston’s Gasket and Form for Bell and 
Spigot Joints, and Weston’s Form for Tongue and Groove Pipe Joints were used 
throughout by choice of the Contractors. 
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possible under the crude conditions in which we had been using 
lime and chloride of lime earlier. 

We devoted our spare time to experiment, to determine the 
efficiency of the baffle and to find at which points to chlorinate 
the sludge input in order to obtain the best distribution of 
chlorine. The results obtained from the baffle were very grati- 
fying. By the trial and error method we selected three points of 
application of chlorine that gave the best distribution. The 
chlorine hoses are submerged 3 ft. below the liquid level in the 
tank. One point of application is 13 ft. along the periphery of 
the tank from the west end of the baffle. The other two points 
are 9 ft. and 18 ft., respectively, along the periphery of the tank 
from the east end of the baffle—See Figs. 2 and 3. 

By varying the quantity of chlorine solution applied at the 
points mentioned even distribution of chlorine was maintained 
in the surface liquor, where desired, rather than in the sludge 
proper. 

With this preliminary work completed, during the early sum- 
mer we tried concentrating primary sludge in combination with 
mixed liquor taken from the aeration tanks; then primary sludge 
with returned activated sludge, and then returned activated 
sludge alone. Very good results were obtained in each instance, 
but the trials with mixed-liquor seemed the best. 


The Scheme That Gave the Best Overall Results 


In August, 1933, we decided to try concentrating mixed liquor 
only, a method suggested by R. F. Goudey.’ 

Our object was, that in summer the primary clarifier influent 
is stale and we felt that by adding to the crude sewage a size- 
able flow of effluent from the thickener, containing dissolved 
oxygen and some residual chlorine, it would improve plant op- 
erating conditions. The amount of thickener effluent would 






a 


naturally be much greater when concentrating sludge from 
mixed liqaor than when concentrating returned activated slud e 
and therefore the greater benefit to the crude sewage. . 

The results obtained by thickening mixed liquor taken from 
the aeration tanks were so satisfactory that we soon adopted 
it as routine operation. The primary sludge is concentrated to 
approximately 5 per cent in the primary clarifier and is mixed 
with the thickener sludge by pumping sludges from both tanks 
simultaneously to the digesters. 


In Table No. 1 analytical data of thickener operations are 
given for mixed liquor and also when “returned” activated 
sludge from the clarifier was treated. Table 2 shows the solids 
content of the sludge at various depths. As a result the jn. 
stallation of the Sacramento baffle and chlorination, we cay 
maintain a clear overflow with the sludge blanket within 3 
ft. of the liquid level, when wasting 200 gpm. or less of mixed 
liquor or returned sludge through the thickener. The costly 
chlorination is considered very nominal considering its adyan- 
tages. 


Conclusions 


Since we installed the Sacramento baffle and eliminated short 
circuiting, and since we started to chlorinate the top liquor to 
retard bacterial action and thereby control septicity, the thick- 
ener has operated satisfactorily and accomplishes the purpose 
for which it was designed, viz.: reducing the volume of sludge 
and hence the volume of supernatant liquor which is so dis- 
astrous to the activated sludge process. Likewise the need for 
greater digester capacity. 


“A New Method of Concentrating Activated Sludge,” R. RF, 
can and S. M. Bennett. WATERWORKS AND SEWERAGE, May, 





"Dry Cleaning" Air Diffuser Plates 


By A. M. RAWN 
Associate Editor, Los Angeles, Calif. 


Every once in a while someone does something that makes one 
stop and wonder why it has never been done before. Or, if ever 
done, why he has not heard of it. 

Maybe you have been in Southern California when, due to 
“unusual weather conditions” the winter temperature drops below 
freezing and the citrus growers start the orchard smudge-pots, to 
warm up the whole outdoors and keep the crops from freezing. 
If you have, you may recollect that upon such occasions the air 
in the orchard areas is so filled with thick, oily smoke that one 
cannot see a hundred feet. This winter has been such a one and 
for a number of days early this month (January) millions of gal- 
lons of oil have been burned in the smudge-pots. 

Now this may not seem to have anything to do with sewage 
disposal, but strangely enough it does have. 

The city of Ontario lies right in the heart of the citrus grove 
area and, in consequence, was encompassed in a dense smoke fog 
for some time. During this period the operator of the Ontario 
activated sludge plant noticed that the pressure on the air lines 
was steadily increasing at the blowers. Attributing it to the oily 
carbon in the air, as most likely responsible for the clogging of 
the diffuser plates, he made every effort to cleanse the air by 
straining it through several thicknesses of cloth over the air inlet 
to the blowers. The cloths were changed frequently but to no 
avail. And, pressures at the blower mounted from 5 to 7% 
pounds over night. 

Obviously the diffuser plates, which had operated for more than 
a year with no building up of pressure, had to be cleaned. The 
finely divided carbon and oil in the smoke had doubtless spread 


quite uniformly through the plate pores. The orthodox manner 
of cleaning would have been to remove the plates and clean them 
up with a solvent and, if not successful, burn out the volatile ma- 
terials, possibly. The city engineer had other ideas, however, and 
instead of bringing the plates to the solvent the solvent was taken 
to the plates. A scheme for injecting the solvent into the air 
stream from the blowers was put into operation. 

What was actually done was to slowly pump “Aviation” grade 
of gasoline into the air line and beyond the blower. Two gallons 
of gasoline was fed into the pipe slowly during a 24-hour period. 
It did the job all right, because during this period pressures 
dropped back to normal and the trouble was completly cured. 
So far, there has been no injurious effect upon the quality of 
the plant effluent or the behavior of the sludge. 

This struck the writer as being a most unique method of over- 
coming a serious difficulty. Mr. Austin Burt, Ontario’s city en- 
gineer, was “the brains” behind this “solvent-solved situation”; 
and H. M. Ely, as chief operator of the plant, was “the brawn.” 

In his latest advice to the writer the “inventor” of diffuser 
dry cleaning states: “We have had to apply our gasoline remedy 
to the diffuser plates seven different times during the more than 
two weeks of smudge conditions. Each time the pressure was 
brought back to normal, and thus far we have been unable to 
detect any serious consequences in the operation of the plant. 
Altogether, we used seven and one-half gallons of aviation gaso- 
line at the total-cost of only $1.16 and feel pretty good at saving 
the trouble and cost of emptying the tanks, removing and clean- 
ing the plates.” 
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SERVICING OF POROUS AIR DIFFUSERS” 


By FRANK C. ROE 
Sanitary Engineer, The Carborundum Co. Niagara Falls, N. Y. 


To maintain the high efficiency of porous diffuser plates and 
tubes of the type used for aeration in sewage and water treat- 
ment plants, their operation should be checked regularly. Par- 
tial clogging of the porous structure may occur for a number 
of reasons, thereby decreasing the effectiveness and increasing 
the cost of aeration. 


The writer and his company have made a study of the various 
methods of servicing diffusers necessary to maintain their effi- 
ciency for a reasonable life. 


The most immediate and positive indication of obstruction 
within the diffuser structure is an increase of compressor or 
blower pressure necessary to supply a given quantity of air. 
Visual examination of the aeration tank or tanks will also dis- 
close non-uniformity of diffusion which may be due to a par- 
tially clogged condition. This is a practical determination but 
not so conclusive as the first. 


Diffusers may become clogged on either the air side or on the 
liquor side; that is, on the top or bottom of plates and on the 
outside or inside of tubes. Both classes of clogging may be ex- 
perienced simultaneously, but are avoidable to a great extent. 


Liquor Side Clogging 


1. Suspended Solids: Perhaps the most common type of 
clogging is caused by interruption of aeration during which the 
solids in water, sewage, sludge or mixed liquor settle and the 
water content filters through the diffusers into the air duct. 
Most of the solids in suspension are intercepted at the diffuser 
surface, but a definite proportion, depending on the pore size, 
will enter the top 1/16 to % inch of the structure. When aera- 
tion is resumed all of these particles will not be blown out of 
the structure and cumulative clogging results. 


Maintenance of continuous air delivery, at least to some de- 
gree, is the positive way to preclude this trouble. Temporary 
cessation of the air supply is not impossible with modern equip- 
ment, hut the usual auxiliary blowers with standby power units 
and inexpensive automatic control equipment will largely elim- 
inate shutdowns. 


Care should also be taken not to over-design in the matter 
of diffuser area. Not less than one cubic foot of air per min- 
ute should normally be discharged per square foot of diffuser 
area. Insuring a higher rate, so as to maintain good air ve- 
locity through the pores as well as uniformity of diffusion from 
the entire diffuser area, is better practice still. 


2. Organic Growth: Another form of liquor side clogging is 
growth of bacterial and protozoa life in the uppermost portion 
of the porous structure. This may be attributed, at least par- 
tially, to non-uniformity of diffusion. All of the diffusers con- 
trolled by a single valve may not have similar permeability rat- 
ings, or the individual areas of any particular diffuser plate 
or tube may not be uniform one with another. 


As suggested, it should be possible to avert clogging of this 
nature by careful installation and selection of plates or tubes. 
All units controlled by a single air valve should have a sim- 
ilar permeability rating within limits of 0.5 cu. ft. or less. Uni- 
formity of individual diffusers depends upon precision and per- 
fection in manufacturing. 





*Excerpts from an article appearing in WATER WoRKS AND SEw- 
ERAGE, April 1934. 
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Plate Cover for Protecting Diffuser Plates During Setting 





Plate 1—A Section of Aeration Tanks (Sewage Treatment 
Plant, Golden Gate Park, San Francisco), an Example of Uni- 
form Diffusion 


3. Miscellaneous: Very often protection from cement grout 
(or other material used to install plates), dirt, debris, etc., is 
not provided during installation or when tanks are empty, and 
appreciable surface clogging results. A plate cover (see sketch) 
should be used to shield plates from cementing materials dur- 
ing installation, and other protective measures should be ob- 
served when tanks are empty. 


Air Side Clogging 


1. Dirt in Air: Air containing a high quantity of soot or 
other impurities is a major source of clogging on the underside 
of diffuser plates or inside of diffuser tubes. Selection of ef- 
fective air filters and care in locating the air intake are ob- 
vious preventatives. 


The thought should be injected here that diffusers of higher 
permeability than the type used during the early days of sew- 
age aeration are undoubtedly subject to less clogging of this 
nature because of relatively larger pores through which many 
of the fine suspended particles pass rather than stop. It is doubt- 
ful if the air bubbles released from higher permeability dif- 
fusers are very much larger than the bubbles discharged from 
the earlier low permeability grade of diffuser. The fact re- 
mains that higher permeability diffusers have not been less ef- 
fective than those of lower ratings previously specified. 


2. Oil in Air: Reciprocating compressors are now rarely 
used in sewage aeration, but the oil which they force through 
air lines is responsible for pronounced diffuser pore plugging. 
Fortunately, the low pressure required for sewage aeration per- 
mits the use of rotary blowers of the centrifugal or positive 
displacement type. If reciprocating units must be used for any 
reason, an oil trap or filter of some kind should be used be- 
tween the compressors and the diffusers. 


Certain types of primary air filters depend on the use of an 
oil for cleaning or renovating. In this operation it is recom- 
mended that a partial wash with a solvent be given after the 
oil treatment so that oil will not be blown free and carried 
through the diffusers. 


3. Air Pipe Rust or Scale: It is generally recognized that 
cast iron pipe as a material for air lines is sufficiently resistant 
to corrosion from moisture to be considered to have almost an 
endless life. Genuine wrought iron is likewise considered sat- 
isfactory. Galvanized or sherardized steel pipe would be con- 
sidered suitable for relative short periods of life, while ordinary 
black iron pipe or steel is not suitable. 

‘ In spite of the consideration given to this phase of air pipe 
design, there is evidence that some air side clogging is caused 
by iron oxide in the form of rust particles and scale. 

There are economic considerations involved in preventing this 
source of clogging. Aluminum and copper pipe have been used 
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Plate 2 


for the smaller air lines and are recommended along with other 
types of corrosion resistant pipe. However, if the use of such 
pipe raises the installation cost appreciably it should be bal- 
anced against the estimated cost of diffuser servicing and re- 
placement. 


4. Miscellaneous: Air lines left in a dirty condition after in- 
stallation can cause clogging of considerable magnitude. The 
remedy is obvious. Cast iron diffuser plate containers may cause 
the same difficulty as does iron piping, but to a lesser degree. 
Mr. William M. Piatt has avoided this possible source of trou- 
ble in designing containers for some of his plants in North Car- 
olina, by using aluminum container linings. At other plants 
the entire plate holder is to be of aluminum. 


Restoration of Diffuser Efficiencies 


Because of the diversified types and degrees of clogging ex- 
perienced in the 100-odd activated sludge plants in the country, 
it is natural to expect that there are many methods of cleaning 
in use. Lacking information on the subject, plant superintendents 
and operators have, more or less successfully, devised and de- 
veloped individual methods of their own. 


Plate Cover for Protecting Diffuser Plates During Setting 


The writer’s company, in addition to considerable experi- 
mental work in the research laboratories. has fostered a survey 
among those in charge of plants throughout the United States 
and Canada, believing that many practical methods of diffuser 
cleansing would come to light. The response to our inquiries 
and the cooperation received has been most gratifying and has 
made it possible to present the outline to follow. Some of the 
methods have been improved, amplified or supplemented as the 
result of certain research work which we have conducted. 


Methods employed in diffuser cleaning can be divided into two 
general classes; viz., methods applicable to diffusers in place 
(suitable largely to liquor side clogging) and methods which are 
adaptable only to removed diffusers. Tubes are cleaned for the 
most part by the latter method because they may be quickly and 
easily removed. The methods to follow are not given in an order 
to indicate preference. 





An Illustration of Good Uniformity of Diffusion on the Left; Poor Uniformity on the Right. (Photographs Taken Look- 
ing Down on Diffusion Plates in Testing Apparatus) 


Cleaning Diffusers in Place 


1. Caustic Treatment: Clean aeration tank and surface of 
diffusers thoroughly with hose stream and leave about % in. 
of clean water over plates, providing the slowest practical air 
diffusion during this period. Dissolve about 1/10 lb. commer- 
cial lye crystals over each square foot of plate and then shut off 
air. Allow solution to penetrate plate (10 to 15 minutes), add 
more clean water, and then turn air on a maximum rate. (Note: 
This method is chiefly applicable to removal of organic com- 
pounds.) 


2. Sand Blasting: Dry plates thoroughly by draining con- 
tainers completely and blowing out porous structure with air 





Plate 3—Diffuser Plates Stacked in Furnace for Burning-Out of 
Organic Matter. (More Clearance Between Plates Preferable; 
See Method 14) 
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applied at high rate. Sand blast plate surface with usual type 
of sand blast equipment, using Blastite” Grain. Remove not 
more than 1/32 in. from surface, maintaining maximum air 
discharge during the operation. One minute or less is required 
to clean a plate by this method. 


3. Surface Spalling: This method is applicable to diffuser 
plates of the silica type. Dry plates by draining containers and 
blowing out porous structure with air at high rate. Apply blow 
torch flame to entire top surface of plate until it cracks into 
flakes. Sweep off this film or scale and rub surface smooth with 
a Carborundum rubbing block. Sweep off particles again. Leave 
air on during entire operation. 


4. Burning Out Surface: Dry plates by draining containers 
and blowing out porous structure with air at high rate. With 
air off, saturate each plate with one quart of alcohol and apply 
heat with blow torch. Dry and brush off surface. 


5. Acid Washing and Scrubbing: Dry plates by draining con- 
tainers and blowing out porous structure with air at high rate. 
With air off, apply a 30 per cent solution of hydrochloric (mu- 
riatic) acid to the surface liberally and allow same to penetrate 
somewhat before turning on air at a low rate. Scrub with a 
stiff brush, using more acid if necessary. Follow with a clean 
water wash and scrubbing with a wire brush, continuing air 
discharge at a somewhat higher rate. (Note: This method is 
chiefly applicable to removal of inorganic compounds.) 


6. Vacuum Cleaning: This method has not been proven but 
was suggested by authorities at the Milwaukee Sewage Treat- 
ment Plant, where a trial was intended. A vacuum pump was 
to have been used with a suction inlet of small area which would 
be held closely against and moved back and forth across the 
diffuser surface to be cleaned. 


7. Rest: Dry plates by draining containers and blowing out 
porous structure with air at high rate.- Allow diffusers to rest 
while dry for a week or more. (Note: The theory of this treat- 
ment is that the change of conditions will cause the bacterial 
and protozoa growth in the porous structure to die.) 


8. Chlorine Treatment :* Introduce a strong dose of chlorine 
into the branch air line leading to each diffuser assembly for 
several minutes during a low rate of air flow. Following by 
blowing out diffusers with the maximum possible rate of air 
flow. (Note: This method is chiefly applicable to removal of 
organic compounds and carbonates.) 


9. Steam Backwashing :* Dry diffusers by draining and blow- 
ing out porous structure with air at high rate. Introduce steam 
into the branch air line at 10 Ibs. pressure and scrub diffuser 
surface simultaneously with a stiff brush. 


10. Water Backwashing:* Introduce clean water into the 
branch air line under pressure of 15 to 20 Ibs. per sq. in. Scrub 
diffuser surface simultaneously with a stiff brush. 


Cleaning Removed Diffusers 


11. Acid Pickling: Wash diffusers with water (use hose and 
brush). Set in a vertical position and allow to drain and dry 
as much as possible. Soak in 30 per cent solution of hydro- 
chloric or nitric acid for four hours. Wash with water. (Note: 
Use Hydrochloric acid if it is desired to dissolve inorganic 
compounds and nitric acid if it is desired to oxidize organic 
compounds. ) 


12. Caustic Treatment: Place diffusers in vessel containing 
a 10 per cent solution of sodium hydroxide (lye) and boil for 
about one hour. Remove from this solution and wash thor- 
oughly in boiling water. (Note: This method is only applica- 
ble to partial removal of organic compounds, chiefly fats, which 
are “; pause by the caustic scda and then dissolved in hot 
water. 


13. Sandblasting: Dry diffusers thoroughly (preferably in an 
oven of some kind) and sandblast (Method 2) on either or 
both sides, as required. It is recommended that, where prac- 
ticable, the diffuser be inserted in a container which will make 
it possible to force air through it at a high rate during the op- 
eration. This will eliminate any clogging by the dust created. 


J *Methods applicable to tubes or plates and of some benefit also 
in cleansing the air size of diffusers. 





14. Burning: This method is applicable to diffusers of the 
fused crystalline alumina type. Place diffusers in a furnace or 
kiln in any convenient position, leaving a space of not less than 
¥% in. between units. Raise temperature gradually during 10 
hours to about 1000 deg. Centigrade and then allow to cool grad- 
ually. The cycle should take at least 16 hours. Fuel of any kind 
is satisfactory, but care must be taken to avoid impingement of 
flame against diffuser surfaces. At Decatur, IIl., gas from sludge 
digestion was used. 


Selection of Method 


Every plant operates under conditions peculiar to itself, which 
wil prove a factor in the ease or difficulty of diffuser servic- 
ing and the methods of cleaning which can be, or should be, 
used. One method may work satisfactorily in one place but be 
wholly unsatisfactory in another place or at another time. 


In general, methods used on diffusers in place are not better 
than 75 per cent effective and range down to as low as 10 per 
cent where the clogging is almost wholly on the air side. Meth- 
ods of cleaning removed diffusers are much more effective and 
are from 60 to 95 per cent effective. It is usually a combina- 
tion of two or more methods which will produce the best re- 
sult; because, any single method is not a cure-all. 


The combination of causes and degree of clogging vary great- 
ly and therefore it is not possible to give a rating of effective- 
ness to each method of restoration. It can be stated, however, 
that acid pickling of removed diffusers (Method 11) followed 
by burning in a furnace or kiln (Method 14) is 90 to 100 per 
cent effective, regardless of type or degree of pore plugging. 
This combination is therefore, recommended where serious clog- 
ging exists. 

A simple improvised furnace can usually be built at a sewage 
plant to refire diffusers, other considerations being satisfac- 
tory. Where this work proves impracticable in the field, the 
writer’s company will use its kilns at Niagara Falls for refiring 
when requested. Such arrangements would offer an added ad- 
vantage in that refired diffusers can easily be retested and rated 
so that they may be properly re-installed thereafter. 

The above suggests the consideration of providing a simple 
permeability testing apparatus at sewage treatment plants which 
would be useful in re-rating removed diffusess which have been 
cleaned at the plant. Even though original markings are re- 
tained, which is doubtful, all units will not respond equally to the 
cleaning method employed and will have a new permeability 
rating which should be determined when re-installation is made. 


For acid pickling (Method 11) a wooden tub is satisfactory. 
The caustic treatment requires an iron kettle because of the 
boiling operation. Workmen should use precaution in these 
methods by wearing rubber gloves, aprons, etc. Tongs can be 
used to handle diffusers. 


Where existing plate containers do not permit simple mechan- 
ical plate removal, a joint composed of sand in the bottom % in. 
and cement grout in the top, is recommended for setting plates 
in holders. This will save time and avoid plate breakage when 
removal becomes necessary. Plates so installed should be set 
with a lime mortar under the supporting edges to insure an even 
bearing. 


Conclusion 


The practice of regular servicing should be stressed if the 
diffusers in any plant are subject to a known source of clogging. 
If this is done, whether it is apparently needed or not, the per- 
meability will be maintained indefinitely, in all probability, and 
one or more of the simple and least costly methods of revivifica- 
tion can be employed. 


Because of the several potential sources of diffuser pore 
plugging which exist, and because many of these cause air side 
clogging, the use of plate containers which permit easy removal 
of plates is recommended. Ease of removal and replacement is 
one of the important advantages of diffuser tubes for smaller 
plants. 


Diffusers of high permeability are less subject to clogging be- 
cause of larger pores. They operate on a slightly lower air 
pressure than low permeability diffusers. Because of these ad- 
vantages, and the fact that effectiveness of aeration is not 
decreased (compared to that provided by low permeability dif- 
fusers), plates of a higher rating are recommended. 
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PRACTICAL ASPECTS OF STORING AND HANDLING 





FERRIC CHLORIDE” 
By J. M. POTTER* 
Philadelphia, Pa. 


The steady advance in the utilization of chemicals in sewage 
treatment has created an increasing interest among engineers and 
municipal officials in the problems involved in their use. 

The object of this article is to supply a concise outline of the 
more significant properties of ferric chloride and effective meth- 
ods of handling and storing it. 

At this time there are three commercial 
chloride available: 

1. Liquor—An aqueous solution which is prepared to contain 
between 39 and 45 per cent FeCl; by weight to meet exact speci- 
fications. 

2. Crystals—A definite crystal of the formula FeCl:.6H.O 
containing 60 per cent FeCl; by weight. 


forms of ferric 


FRI PIC CHLORIDE 
SausiniTy iw WATZ® 
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Solubility of Ferric Chloride at Varying Temperatures. Note 
that a 45 Per Cent Solution will Crystallize at About 52 De- 
grees F.; a 33 Per Cent at Zero. 


3. Anhydrous—A complete water-free form containing 98 per 
cent or more FeCl; by weight. 


Liquid Ferric Chloride 


Commercial ferric chloride liquor is a dark brown, somewhat 
oily appearing aqueous solution of varying concentrations. Ob- 
viously for the lowest transportation cost, the FeCl; content of 
these solutions should be as high as possible but concentrations 
are limited by crystallizing temperature conditions during transit 
or storage. To prevent crystallization the strength of solutions 
usually varies from 45 per cent in midsummer to 39 per cent 
FeCl; in midwinter. Average concentration of shipments over 
a period of several years has been 42 per cent. 


Shipments are made in rubber-lined tank cars holding 8,000 
gallons and averaging 40,000 pounds of dissolved FeCl; per car. 
The dome of the tank car is equipped with sump and center 
level discharges, a filling and air pressure pipe with gauge con- 
nection and a rubber disk safety valve which relieves at gauge 
pressures exceeding 25 pounds. The car is unloaded by attach- 
ing a rubber hose to the discharge connection and siphoning in 
case of low level storage tanks or by applying air pressure up 
to 25 pounds where a lift is required. 

The maximum lift by air ejection is limited to 40 feet. 
er lifts are necessary a suitable pump should be provided. 

Ferric chloride liquor (referred to in the trade as liquid ferric 
chloride) is easily handled and is usually the most economical 
form for use by the large consumer, who is reasonably near a 
source of supply. However, it has the disadvantage of requiring 


*Chemical Engineer, Technical Service Dept., Pennsylvania Salt 
Manufacturing Co., Philadelphia, Pa. 


1From WATER WORKS AND SEWERAGE, January, 1935. 
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Filter and Sludge Conditioning Tank—Chicago Sanitary Dis- 
trict. Here the Operations are Under the Control of an “Elec- 
tric-eye”’. 


transportation costs on its 58 per cent (average) water content, 
railroad siding facilities, and storage tanks for one or more cars. 


Storage Tanks 


Except for its strongly corrosive nature, ferric chloride liquor 
offers no storage hazard, the only storage problem being pro- 
vision of sufficiently large ferric chloride resistant tanks to store 
one or more carloads. Ten thousand gallons should be the mini- 
mum storage capacity for plants using tank cars of ferric chloride. 
Wood, reinforced concrete, or steel tanks lined with rubber with 
all exposed exterior surfaces painted with a ferric chloride re- 
sistant paint are the ideal containers. Covered tanks need not 
be sheltered but, in the case of unsheltered tanks, the strong 
liquor received during warm weather should be diluted in the 
storage tanks during the colder months to prevent crystallization. 
If possible, storage tanks should be elevated to permit the liquor 
to flow by gravity to dilution tanks or feeders, thereby confin- 
ing all pumping to the simple air lift unloading operation from 
the car. 


The concentrated ferric chloride solution taken from storage 
is preferably diluted to a 2 or 3 per cent solution when applied 





Ferric Chloride Dissolving Tank—Hagerstown, Md. Sewage 

Treatment Works. Steel Tank with Rubber Lining and Faced 

with Acid-proof Protecting Brick Laid with Acid-proof Cement. 

Anhydrous Ferric Chloride in Non-returnable Steel Drums 
Stocked in Rear. 




































WATER WORKS AND SEWERAGE DATA 


303 



































“YY —— = x Y 

(ti XW 

. Liquid ferric Chloride 

> ; Supply Yank 

S | (Solution diluted 

3 ' fo approx 3 or 4% 

v || ' 

8 || . 

| \ . 

: ! | 

aT ! 

Sti}: : 

S|] | | 

Q || Se eee eee | 
! = ' 
Fang Ci oats one ng aed | [ae ee! v4 













If Recirculating Discharge 
Ferric Chloride Resistant ~ 
=— Self Priming Pump 


Motor to Suit Conditions 
hh 














































































| 
2"Suction 
amin 
| 
17; Sa 
1, Ferric Chloride Acid proof brick set up 
4) Dissolving Chamber tn Penchler Acid Proo?' 
ye (Sokshon Strength te be Cement 
1 Mss than 40% FeCh) 
—y, Vs A, te tt teh: a, 4, Wha 
Bi ddaddaddicddadldahedaddd 
Tyricay, Anmanagemen’® of Anriyonous Femnic CHiomioe. 


Mixine ano Pumping Unir 
Sketch of Trouble Free Equipment and Method of Dissolving, 
Diluting and Feeding Ferric Chloride. 


by one of the methods noted later in this article under “Feeding 
Equipment.” Rubber-lined wood tanks under cover serve the 
Sewage Treatment Works of Milwaukee. 


Crystal Ferric Chloride 


Crystal ferric chloride is the oldest commercial form. As in- 
dicated in the accompanying graph, four hydrated crystals of 
ferric chloride can be formed; but, only the dodecahydrate, 
Fe:Cle.12H:O, (commonly written FeCl;.6H:O) is now commer- 
cially available. This material contains 60 per cent FeCl; by 
weight, is in the form of large yellow or brown lumps, has a 
melting point of 98.6° F., is slowly soluble in water at average 
tap temperatures, and is moderately hygroscopic. 

The crystals are marketed in non-returnable, hardwood, par- 
affine-lined barrels of 55 gallons’ capacity, which contain approxi- 
mately 435 pounds of material. To prevent melting, and possi- 
ble leakage, it is advisable to store barrels in single tiers under 
dry conditions at temperatures below 98.6° F. The storage space 
required is approximately 70 square feet per ton of FeCls. 

Equipment for preparation of solutions and feeding crystal fer- 
ric chloride will be discussed in connection with anhydrous ferric 
chloride solutions, because of the close similarity of each. 


Anhydrous Ferric Chloride 


Anhydrous ferric chloride occurs rarely in nature, possibly the 
only source being the lava of Vesuvius. It takes the form of 
small greenish-black crystals with a melting point of 577.4° F., 
and is extremely hygroscopic, being readily soluble in water to 
45 per cent concentrations at room temperatures above 55 de- 
grees. 

At present, the anhydrous form is being shipped in non-return- 
able steel drums holding 150 pounds of material. The drums, 
1514 inches in diameter by 20 in height and weighing 10 pounds, 
are fitted with a 9-inch air-tight gasket and lid held in place by 
4 screw bolts. These drums aré convenient packages which may 
be stacked and stored indefinitely without deterioration. Stor- 
a required is approximately 40 cubic feet per ton of 

els. 

Anhydrous ferric chloride has a decided advantage over the 
other forms by reducing transportation costs and storage space 


requirements 40 per cent or more. 
or deterioration is eliminated. 


Preparation of Solution, Feed Methods 
And Equipment 


The hygroscopic character of ferric chloride prohibits the use 
of dry feeds. .The corrosive nature of solutions prevents the use 
of ordinary piping and feeding equipment. A 20 per cent ferric 
chloride solution rapidly attacks the common metals and dehy- 
drates wood, causing it to warp and shrink. Wood, or reinforced 
concrete, resists the action of weak solutions since excessive 
hydrolysis forms a protective hydrate coating. Equipment made 
of, or lined with, rubber, glass, Bakelite, or ceramic material, or 
the resistant metals such as Durichlor, or Hastelloy “C,” will 
resist all concentrations of ferric chloride at normal tempera- 
tures. Rubber, glass, or ceramic materials may require addi- 
tional protection against mechanical abrasion, or heat variation. 

Feeding apparatus may vary from a simple solution tank with 
constant head orifice box to a modern “electric eye” controlled 
installation such as that used at the Chicago Sanitary District. 
The ideal and foolproof method of feeding involves 3 distinct 
steps: (1) Solution, (2) Dilution, (3) Application. 


Dissolving Tanks 

Solution tanks are necessary for dissolving either the crystal 
or anhydrous ferric chloride. Concentrations of less than 40 
per cent are recommended to prevent crystallization and, in the 
case of anhydrous ferric chloride, high temperatures at the time 
of preparing the strong solution. 

Solution strengths should be determined by adding a weighed 
quantity of ferric chloride to a definite volume of water as 
hydrometer measurements have proved to be unreliable. The 
tank should be at least partly filled with water before adding 
anhydrous ferric chloride to prevent the formation of the slowly 
soluble higher crystals and if the total contents of a drum are 
not added at one time the lid should be tightly replaced. Solu- 
tion tanks of steel, reinforced concrete, or wood, lined with rub- 
ber and faced with acid-proof brick and cement, and of sufficient 
size to dissolve a 12 hour supply of ferric chloride, are prefer- 
able. A material rack, or compartment, and mechanical means 
of agitation are desirable features. Here illustrated is such a 
tank in connection with a pump which serves the dual purpose 
of agitating and lifting the concentrated liquor to the dilution 
tank above. A similar tank is in use at Hagerstown, Md., where 
the solution is raised to the dilution tank by a vacuum lift. 





In addition, waste by leakage 





Ferric Chloride Service Tank—Rubber Lined. Note Hose Con- 
nections and the “Saunders” Pinch-type Diaphragm Valves for 
Corrosive Liquids. Dearborn, Mich., Sewage Treatment Works. 
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Dilution Tanks 


Dilution tanks are advisable for preparing and supplying uni- 
form solutions to feeders. Concentrated solutions are diluted 
to 3 or 4 per cent FeCl; by adding gauged volumes of water and 
liquor. Experience indicates that stronger than 5 per cent solu- 
tions exhibit intense localized reaction on application and solu- 
tions weaker than 2 per cent may be appreciably hydrolyzed, 
especially by diluting waters of high alkalinity. Dilution tanks 
may be similar in construction to solution tanks without the acid- 
proof brick facing. Reinforced concrete tanks painted with a 
ferric chloride resistant paint, or large stoneware crocks are 
suitable. Other desirable features would include a mechanical 
stirrer, a graduated gauge rod, or glass, and a capacity for at 
least 4 hours’ supply of solution. A tank with the depth exceed- 
ing other dimensions is preferable for more accurate gauging. 


Solution Feeder 


A positive displacement or a variable siphon head type of solu- 
tion feeder is recommended for applying ferric chloride solutions. 
Several such corrosion resistant feeders, which have entirely cor- 





rected the uncertain performance peculiar to the old orifice type 
feeder, are on the market today. These feeders may be either 
manually or automatically regulated. Space does not permit even 
a limited discussion of all such feeders but following is a list of 
manufacturers: Builders Iron Foundry, Providence, Rhode 
Island; Galigher Company, Salt Lake City, Utah; Hills-Mc. 
Canna Co., New York City; Omega Machine Co., Kansas City 
Mo.; Phipps & Bird, Inc., Richmond, Va.; Wallace & Tiernan, 
Inc., Newark, N. J. 


Obviously, a gravity flow from solution tank to the final point 
of application is the ideal feeding arrangement. When lifting js 
necessary, any method which employs ferric chloride resistant 
materials may be used. Rubber-lined or hard rubber pumps 
pipe and fittings are satisfactory for handling ferric chloride 
solutions at normal temperatures. Equipment made of Durichlor 
or Hastelloy “C” is recommended for hot solutions. ; 

For simple coagulation of sewages with ferric chloride, water 
purification practice for flocculation and sedimentation will give 
the best results. For sludge conditioning rapid agitation for 5 
or 6 minutes followed by continuous filtration is preferable to 
the batch method. 


MENSURATION" 


Calculating Areas, Volumes, Surfaces 


Mensuration is arithmetic applied to geometry in determining 
the length of lines, the area of surfaces, and the volume of solids 
or bodies. 


Definitions of geometrical terms, figures and principles. A 
point (.) has position only. A line ( ) has length only. 
Area has length and breadth. A solid has length, breadth and 
thickness. Parallel means extended in the same direction, and 
equidistant at all points. Horizontal means parallel with water 
level; vertical or perpendicular, parallel with plumb line; diag- 
onal, obliquely across a polygon. (Fig. 4.) Equilateral means, 
having equal sides. Quadrilateral, having four sides. An angle 
(Fig. 1) is formed by two straight lines diverging from a com- 
mont point called the vertex. A right angle (Fig. 2) is formed 
by two straight lines meeting perpendicularly. An oblique angle 
is either (acute—Fig. 1) smaller, or (obtuse—Fig. 3) greater 
than a right angle. 
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A plane or plane figure has area or surface only—perfectly 
even. 

A polygon is a plane figure having three or more equal sides. 

A triangle is a plane figure bounded by three straight lines. 

An equilateral triangle (Fig. 6) has all of its (3) sides equal. 


An isosceles triangle (Fig. 7) has two of its sides equal. A 
scalene triangle (Fig. 5) has none of its sides equal. The base 
is the side on which a geometrical figure is supposed to stand. 
lhe least distance between the base and the opposite angle dotted 
line (Fig. 7) or between parallel lines (Fig. 8) is called the 
perpendicular or altitude. 

To find the area of a triangle. Rule—Multiply base by the 
altitude and take half of the product. Or, when the three sides 
the three sides, 
subtract each side 
separately; then 
remainders to- 
gether and extract the square root. Find sq. ft. in a triangle, 
base 8 ft., altitude 9 ft. 
lines, whose opposite sides are equal, as a rectangle, a square, and 
a rhomboid. 

A rectangle is a right angled parallelogram. 








Fig. 6. Fig. 7. 


are given. From 
half of the sum of 
multiply the half i 
sum and the three Fig. 5. 
Answer—(8 X 9) + 2= 36. 
A parallelogram is a plane figure, bounded by four straight 


A square is an 


equilateral rectangle. A rhomboid is an oblique angled paral- 
lelogram. 
To find the area of a parallelogram. Rule—Multiply the length 


by the width. 


























Trapezium. 


Fig. 8. Rbomboid. Trapezoid. 


How many sq. ft. in a rectangle 17 by 24? 

Answer—17 X 24= 408 sq. ft. 

In a (square) floor 10 by 10? 

Answer—10 X 10100 sq. ft. 

Note—Dividing the area of a rectangle by one side gives the 
other side—if unknown. 

A trapezoid is a quadrilateral having two of its sides parallel. 
To find its area. Rule—Multiply its average length by the width. 





*Reproduced from ‘‘Rapp’s Calculator,” published by C. Rapp 
& Sons, Chicago, Ill. : 

How many sq. yd. in a garden whose parallel sides are 60 and 
80 yd., and width 52 yd.? 


Answer—(60 + 80 + 2)=70; then, 70 X 52= 3,640 sq. yd. 
A trapezium is a quadrilateral having none of its sides parallel. 


To find its area. Rule—Form two triangles by a diagonal line, 
then multiply diagonal by sum of perpendiculars and take half 
of product. 


Find sq. rods in field shaped like a trapezium, whose diagonal 
is 90 rods, and perpendiculars (25 and 40) 65 rd. 

Answer—90 X 65 = 5850 + 2= 2925 rd. 

A rightangled triangle has one right angle. Its longest side 


is called hypotenuse, and the other two, base and perpendicular 
or altitude. To find its Rule— 











area. 9 
Multiply the base by the perpendicular 3 
and take half of the product. ) 

How many square rods in a triangular = 
field whose base is 70 rods and the per- = 
pendicular, 48 rods? ' 

Answer — (70 X 48) + 2 = 1680 square Fig.®. Bast, 
rods. 


Properties of the rightangled triangle. 
The square of the hypotenuse equals the 
sum of the squares of the base and the per- 
pendicular. From this principle — illus- 
trated by Fig. 10—we derive the following 
rules. 

To find the hypotenuse. Rule—Add the 
square of the base and the square of the 16 
perpendicular, and of the sum _ extract 
square root. 


















































Fig. 10. 
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A and B start from the same point, A going 4 4=16 
miles due west and B, 3 miles due north; how; 3#= 9 
far apart are they then? V=s5s 


Answer—5 miles. 

The square of 4 (base)—=16; of 3 (perpendicular)=9; the 
square root of their sum (25)==5, the hypotenuse. 

To find the base or perpendicular. Rule—From the square of 
the hypotenuse, subtract the square of the other given side, and 
of their difference extract the square root. 

Find the perpendicular of a tringular field | 75*= 5625 
whose hipotenuse is 75 rods, base 60 ee 
Answer—45 rods. Vv 2025=45 
Note—To find the difference between the squares of two num- 

bers, simply multiply their sum by their difference. 

To find the side of a square equal in area to any given quan- 
tity. Rule—Extract the square root of the given quantity. 

Thus, the dimensions of a square field containing 4000 square 
rods must be ( V4000=63.246) 63% rods, nearly. Proof: 
63147 = 4000 + 

To find the diagonal of a square. Rule—Multiply one side of 
the square by 10, diminish the product by 1% of itself and divide 
remainder by 7. 


What is the diagonal of a field 35 rods 35X 10= 350, 
square? 1% of 350= = 3.5 

This is a simple way of finding the hypote- — 
nuse of a triangle whose base and perpen- 7)346.5 


diculars are equal. uae 


Ans, (rd.) 49.5 


A circle is a plane figure bounded by a curved line, (1, 1, 1, 1) 
called circumference, every point of which is equally distant from 
the center. The diameter is a straight line (2, 2) across a circle, 
through its center. The radius is a straight line (3) from the 
center to the circumference. An arc is any x 
part of the circumference (5, 5). A chord, 
a straight line (4) joining ends of an arc. 
A tangent (6) touches circum. without cut- 
ting it. A segment is space (C) enclosed by 
arc and chord. A sector, space (B) enclosed 
by two radii and arc. A quadrant (A) is 
90° or the fourth part of circle. A circle is 


1 











divided into 360°; from X to Y is 45°; from 2 4 
X to Z, 90°. A sextant is one-sixth of a 5 c 5§& 
circle. 

To find the circumference of a circle, the _ Elements of the Circle. 


diameter being given. Rule—Multiply the diameter by 3 1/7; 
for greater accuracy, by 3.1416. 

Find circumference of bicycle wheel; diam. 28 in. 

Answer—28 X 3 1/7 = 88 in. 

To find the diameter of a circle, the circumference being given. 
Rule—Divide the circumference by 31/7, or multiply it by .3183. 

Circumference of a tree 14414 in., find diam. 

Answer—144.5 X 3183 = 46 in. 

To find the area of a circle. Rule—Multiply the square of the 
diameter by .7854; or the square of the radius by 3.1416; or 
the square of the circumference by .07958. 

Find the area of a piston 20 in. in diam. 

Answer—20? X .7854 = 314.16 sq. in. 

Over how many sq. ft. can a cow graze, staked to a rope 50 
ft. long? Here, 50 feet is the radius. 

Answer—50? X 3.1416 = 7854 sq. ft. 

To find the radius of a circle, the area being given. Rule— 
Multiply the area by .3183 and extract the square root of the 
product. 

Find length of halter, tied to stake, that will enable horse to 
graze on 1 acre. 

Answer—Square feet in acre, 43560 X .3183 = 13865; 
V 13865 =11734 ft. long. 

Note—The circumference of a circle is 3.1416 times greater 
than the diameter. The number 3.1416 (called Pi) ; its reciprocal, 
3183 ; its 4th part .7854, its 6th part .5236, and others, should be 
committed to memory as they are indispensable factors in com- 
puting the areas and volumes of circular figures and bodies. 

To find the area of a sector of a circle. Rule—Take such a 
part of the circle as the degrees in the given arc, are part of 
360. Thus, a sector whose arc is 40°, contains 40/360 or 1/9 of 
the area of the circle. 

To find the side of the greatest square that can be inscribed 





in a given circle. Rule—Multiply the diameter of 
the circle by .707; or the circumference by .225. 

The diameter of a log is 24 inches; how large a sill 
can be cut from it? 

24 X .707 = 17 in. square, nearly. 

To inscribe the greatest equilateral triangle. Rule— 
Multiply the diameter of the circle by .886. 

Side of greatest inscribed hexagon equals the radius of a circle. 

To find the diameter of a circle that will inscribe a given 
square. Rule—Multiply the side of the desired square by 1.414. 


What must be diam. of a log to cut a sill 12 in. sq.? 
Answer—12X 1.414==17 in. 


To find the area between the two concentric circles. 
Rule—Take the difference between the area of each (a> 
circle. A simpler way is to multiply the sum of the ‘ 


two diameters by their difference, and the product by 


Find the area included between two concentric 
circles whose diameters are 30 and 50 inches. (80, sum; 20, dif.) 


Answer—20 X 80 = 1600 X .7854 = 1256.64 sq. in. 


To find the diameter of a circle whose area is equal to the 
area of a given square. Rule—Multiply one side of the given 
square by 1.1284. 


To find the side of a square whose area is equal to the area 
of a given circle. Rule—Multiply the diameter of the given circle 
by .8862. 

To find the diameter of three greatest equal circles 
that can be inscribed in a given circle. Rule—Multiply 
the diameter of the given circle by .464. 

Find the diameters of the three greatest circles that 
can be inscribed in a circle 50 in. in diam. 

Answer—50 X .464 = 23.2 in. 

An ellipse is a plane figure bounded by an oval curved 
line and has a long and a short diameter or axis. 

To find its circumference. Rule—Multiply the 
sum of the two diameters by 3.1416, and take half 
of the product. 

Find the circumference of an eclipse whose 
diameters are .41 and 29 ft. Ellipse. 

(41 + 29)=70 X 3.1416 +2—=110 ft. nearly. 


To find the area of an eclipse. Rule—Multiply the product 
of the two diameters by .7854. 

How many square ft. are there in an elliptical platform whose 
diameters are 60 and 40 ft.? 

60 X 40 = 2400 X .7854= 1885 sq. ft. nearly. 


QV 


Triangle. Square. Pentagon. Hexagon. Octagon. 



































To find the area of polygons, having equal sides and equal 
angles. Rule—Multiply the square of one of the equal sides— 
of a triangle, by .433; of a pentagon, by 1.7205; of hexagon, by 
2.5981; of octagon, by 4.8284. 

One side of an equilateral triangle is 30 
inches, and of an octagon, 10 in. nN 

Find sq. in. in each. . 

307 X 433 = 389.7 in. T; 10° X 4.824 
482.84 in. O. 














7,4 
Trigonometric Functiops. 


P M, sine. 

For the benefit of those who intend to] O M, cosine. 
study trigonometry and surveying, this | A T, tangent. 
illustration is inserted here. It will be an} B S, cotangent. 
advantage and saving of time to be already ) O T, secant. 
familiar with the terms and the functions | O S, cosecant. 
of the science when beginning its study. | M A, versed sine. 

| BN, conversed sine. 


Cubes, Cones, Pyramids, Spheres, 


A cube is a solid body, having six equal square sides. 
To find its area. Rule—Multiply area of one side by 
6. To find its volume. Multiply the length, the 
breadth and the thickness together. 

Find sq. in. in surface of a 12 in. cube. 

Answer—12’ X 6 = 864. 

How many cubic in. in a cubic foot? 

Answer—*12° = 1728. 
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Find cu. ft. in a cu. mile. 

Answer—5280° = 147197952000. 

A parallelopiped is a solid body whose six 
faces are all rectangles. To find its area. 
Ru!e—Add areas of its six sides. To find its 
volume. Same as the cube. How many cubic 
feet in a wagon bed 10% feet long, 3 ft. wide 
and 1% ft. deep? 


Answer—10% X 3 X 14 = 39%. 


A prism is a solid having three or more rectangular sides, whose 
ends or bases are parallel plane figures. To find its area. Rule— 
Add areas of the sides and ends. To find its volume. 
Multiply the area of one end by the length. 

Find the area of a triangular prism, each of whose 
three sides are 10 by 25 inches. 

Answers—836.6 sq. in. 

10° X .433 X 2 = 86.6 sq. in. in area of the two ends, 

10 X 25 X 3=750 sq. in. area of sides. 860+ 
750 = 836.6. 

How many cubic inches in above prism, 10 by 25 
inches ? 


Answer—10* X .433 = 43.3 X 25== 108214 cu. in. 


A globe or sphere is a solid body, bounded by a uniformly 
curved surface. To find its area. Rule—Multiply the square 
of diameter by 3.1416; or the square of the circum- 
ference by .3183. To find its volume. Multiply the 
cube of diameter by .5236. 

How many square in. in the surface; and how many 
cubic in. in the volume of a globe 12 in. in diameter? 

Answer—904.78 cu. in. 12? X 3.1416 = 452.39 sq. in. ‘ 
12° X 5236 = 904.78 cu. in. one 

How many cubic miles in the earth, its diameter being nearly 
8000 miles? 

Answer—2000° X .5236 = 268083200000 cubic mi. 

A cylinder is a round body of uniform diameter whose ends 
are parallel plane figures. To find its area. Rule—Multiply the 
circumference by the length and to the product add the 
areas of both ends. To find its volume. Multiply the 
area of one end by length. 

Find the area of a cylinder 30 inches in circumfer- 
ence and 40 inches long. 

Answer—1343.24 sq. in. 

30 X 40= 1200 sq. in. in convex surface. 

30? X .07958 KX 2143.24 sq. in. in the two ends, “Ul 

Find cubic in. in a cylinder, diameter, 20 in., length G7lindate 
50 in. 

Answer—20* X .7854 X 50= 15708 cu. in. 


A cone is a solid, which has a circular base and tapers uni- 
formly to a point called vertex. 

A pyramid is a solid, resembling a cone, hav- 
ing three or more triangular sides. | 

Cone, 

50 40 + 2= 1000 sq. in. in convex surface. 

40? X .07958 = 127.33 in. base. 

To find the volume of a cone or pyramid. Rule—Multiply the 
area of the base by the height and take 4% of the product. 

How many cubic feet in a 6 sided pyramid, 10 ft. high, whose 
perimeter, at base is 15 ft. or each side 2% ft.? 

Answer—54.13 cu. ft. 

2'4* X 2.598 = 16.24, area of base. 10 X 1624+ 3= 54.13. 


Find cu. in. in a cone whose height is 12! in., and diameter of 
base 10 in. 


Answer—10” X .7854 = 78.54 area of base. 7854 XK 12447 3= 
32.25 cu. in. 


The frustum of a cone or pyramid is the part which remains 











To find the area of a cone or pyramid. Rule— 
Multiply the circumference or perimeter of the 
base by the slant height, and to half of the 
product, add the area of the base. 

Find the area or surface of a cone whose cir- 
cumference at base is 40 in., and slant height 
50 in. 





Pyramid, 


Answer—1127.33 sq. in. 









—_ 






after cutting off the top, parallel to the plane of the base. To find 
the area of a frustum. Rule—Multiply the 
sum of circumferences, or perimeters, by the 


slant height, and to half of the product, 
add the area of each base. 
Find the area of a frustum of a cone, 
Frustums, 


whose slant height is 40 in., its greater cir- 
cumference, 30 in., and its smaller one, 10 in. 

Answer—879.58 sq. in. 

30 ++ 10 X 40 +2 = 800, sides. 30°+ 10° X .07958 = 79.58, 
area of bases. 


To find the volume of any frustum. Rule—Square both ends 
of one side, if angular, or the diameters of both ends or bases, 
if round. To the two squares add the product of the given ends 
or diameters; 43 of this sum will be the area of the average 
base of the frustum of a square pyramid, which multiplied by 
.7854 equals area of average base of frustum of a cone; multj- 
plied by .433, of a three sided frustum, by 1.7205, of a five sided 
fr., by 2.5981, of a six sided frustum, by 4.8284, of an eight 
sided frustum. For volume: multiply average area by perpen- 
dicular height. 
Find the vol- { 
ume or capac- 
ity of a round 
tank whose di- 

ameter is 15] 
ft. at base, 12) 
ft. at top, and 


12144 § 183X.7854=143.73 sq. ft., area 
15°=225 | of av. base of Fr. of cone. 
12X15 =180 
3)549(183, area of av. base of F. of sq. 


pyr. 
143.73 X 10°=1437.3 cu. ft.x7.48=10751 gallons. 





10 ft. deep. 
Ans.—14.37 cu. 
ft. 


Find sq. ft. of lumber in a wagon tongue; large end, 414 in. 
sq., small end, 2% in., length, 9 ft. (108 in.). 

Answer—4%4 + 2147+ (4% X 2%) + 3=127/12 sq. in, area 
of average base; 127/12 X 108= 1359 cu. in. + 144=97/16 sq. 
ft. 

How many cu. ft. in a straight log, whose diameter at large end 
is 3 ft., small end, 2 ft., length 12 ft? 

Answer—3? + 2? + (3 X 2) +3 X .7854= 4.974 sq. ft., area of 
average base; 4.974 X 12= 59.69 cu. ft. 

A spheroid or elongated globe has a fixed and a revolving axis. 
To find its area. Rule—Multiply the revolving axis 
by the fixed axis, and that product by 3.1416. To 
find its volume. Rule—Multiply the square of the 
revolving axis by the fixed axis and that product by 
.5236. Find area, also the volume of spheroid; re- 
volving axis, 20 in., fixed, 30 in. 

20 X 30 X 3.1416 = 1884.96 sq. in. in area. 

20? X 30 X .5236 = 6283.2 cu. in. in volume. 

A cylindrical ring is formed by bending a cylinder. 
To find its area. Rule—Multiply sum of inside 
diam. and thickness of ring, by thickness, and the 
product by 9.87. To find its volume. Rule—Multiply 
sum of inside diam. and thickness, by square of 
thickness, and product by 2.467. 

Find the area, also the volume of a ring whose 
inner diameter is 15 inches, and whose thickness is 
5 inches. 

(15 + 5) X 5 X 9.87 =987 sq. in. (15+5)x 5X 
2.467 = 1233.5 cu. in vol. 

To find the dimensions of greatest cube that can be inscribed 
hy given globe. Rule—Multiply the diameter of the globe by 

Find greatest cube inscribed in a 26 in. globe. 

Answer—26 X .577 = 15 in. 

To find the dimensions of a cube, equivalent in volume to a 
given globe. Rule—Multiply the diameter of given globe by 806. 

To find the diameter of a globe, equivalent in volume to a 
given cube. Rule—Multiply one side of the cube by 1.2407. 

The solid contents of the cone, globe, cylinder and 
the cube, all of équal dimensions, are in the ratio of 
1, 2, 3 and 3.82 respectively. Thus, taking 1 foot as 
the height and the diameter; the cone contains .2618; 
the globe .5236, and the cylinder .7854 of a cubic foot. 
The cube equals 1 cu. ft. 

The area of the greatest square inscribed in a given 
circle is exactly 14 of the area of the least square circumscribed 
about the same circle—or the square of its diameter. 





Ring. 


in area. 
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, CONVERSION FACTORS* 
The word gallon, used in any conversion factor, designates the Multiply By To Obtain 
U. S. gallon. Likewise, the word ton designates a short ton, Foot-pounds/min. ........3.030x10-5.......... Horse-power 
Poe eg st ed Fe vetioaed Re eee Kilowatts 
2,000 pounds. 
0. 10-7, 10-*, etc., denote 0.1, 0.01, 0.001, etc., re- Gallons ................... ae Game Cubic feet 
The — rs rs oe 0 oes , eimatie ei ete BOARS ying, Cubic inches 
4 spectively. F : | | a eelae pow eeet we ceataee S786 nce veee Cubic centimeters 
The figures 10’, 10°, 10°, etc., denote 10, 100, 1000, etc.. re- fF Hephseneatenbeeseee 3.16530" i pe Cubic meters 
spectively. 7 tk. aya eee BeIGD wee cccecs ters 
3 “Parts Per Million,” (designated as p.p.m.), is always by Gallons, Imperial ........ 1.200095 .......... U. S. gallons 
' weight. As used in the sanitary field, p.p.m. represents the num- aS eer fg eee Imperial gallons 
ber of pounds of dry solids mpegs Ho one —s as of Gallons water ............ a Ee Pounds of water 
° water. In this field, one part per million may be expressed as Gallona/ 
. . s47° NE 5S kcneGeeeee PR ee Cubic feet/sec. 
| 8.345 pounds of dry solids to one million U. S. gallons of water. “ igri casiece 0.06308 manne teres Liters/sec. 
I SA le ee BN lL EC, hea maine .  weed-o.0 awe % 'u. ft./hr. 
{ Multiply By To Obtain t 
t SE po paces ete tess ores SER beceseecas Square feet og , Beers Be oF edge hee con Grains (avoir.) 
Ny. ET ee eee ieidanecks Square meters fe li eae) NE ES ODEO, 50.050 000 Grams 
Acre-feet .....----eeeeeeee rere Cubic feet GEaIMa/T.D. GOE. os ons ecses (St) rr Parts/million 
i, A, RO rr oer are Gallons a OO * eee aoe Lbs./million gal. 
, WOO, csc svaeemeceemers SE. awacucarce Cubic meters " JR Be wciisceces DS hon caves Parts/million 
r I 5: 5 dated ahalaaiele ere Inches of mercury Be eer err | eer Grains 
ate 1 Bibebteieees: Feet of water lhe FAERIE IE Te 0.03527......... Ounces 
6 eoeenaranes | errr Cms. of mercury SS. eee Riles weber ean Se”) etusaerivas Dynes 
Oe Scat Rcareuntigda emcees DOE sckakewes Lbs./sq. inch 
s UATE: vie sikivctnades we ineMaene greine/ gat , 
rels ert Me, wsveteneea Pounds—cement na nl f <p eniitleteaarase SES ace ais, eke a Pounds gals. 
ee eee ms ie eee eal We oh eae Parts/million 
sags acks-cement..... Kivkwebeas Pounds— “ 
ee po Pee rrr errs ee EE aainasecwa Acres 
British Thermal Units.... 777.5 eee edved Foot-lbs. : 
“ “ ae. — ee Horse—power-hrs. Horse-power ........-.... Se ee B.T. Units/min. 
“ “ «= *"" "9 998x10-4.......... Kilowatt-hrs. in feel PESTS, CEE SE “eid 672 be Whee Foot-lbs./sec. 
“ o Ae ae Kilogram -calories sid aE es ee ae ee Kilowatts 
“ wi © Seca ee keh a ahiniete Kilogram-meters z 
7 Horse-power (boiler) .... 33,479 .......... B.T.U./hr. 
rE RS 5. sin 2d nave che SE. cedows tis Foot-Ibs./sec. ” = s Siete. SE dois eee Kilowatts 
“s TF  craabiiueasn tate EE Horse-pouwer 
“ WO (5 eaten ne tua 2 reer Kilowatts ME. akan his tacked swam eink paces Centimeters 
: Centimeters ...........-- |. Seger Inches Inches of mercury........ |) ee Feet of water 
Ae - \, eae 0 ee Lbs./sq. inch 
f Centimeters of mercury.. erry Dass semetate Simevneme “ “ re RS 6 “yee Atmospheres 
“ es = yi “SARA eet of water ee - eer Seeee * ecacmeeaas Kgs. s t 
“ “ © i SE eee Lbs./sa. ft. ' cneiieabaanes 
« ° Oe ée GD oeesctvens Lbs./sq. inch Inches of water .......... py tte ke pan ow of mercury 
” - Do pa lpaeaaiow es s./sq. ine 
Centimeters/second ...... Si ere Feet/min. q 
. Caen eee 0.03281.......... Feet/sec. I i iiincoxovnstes ROE Ss. ceesnakxen Lbs. 
o Ts ala ite ere Meters;smin. e : : 
Kilograms-calories/min. .. a ra Foot-pounds/sec. 
Cubic centimeters .......3.531x10-5.......... Cubic feet “ “ “ ft eee Horse-power 
“ eon Sk 3 eee Cubic inches os ” «>. “SNas eo cetes Kilowatts 
ed ie ree Re Gallons ? 
55 , nn ee ee (aaeencxewn Cubic meters iC a, a). ee 2. Feet of water 
“ eo) )~ aaas Be oiisencens Liters —s cere Tet 1.422x10-*... 0.0... Lbs./sq. inch 
IGE Soon oan ss ceeue TASOES. 2... 0000 Gallons =—__ Kilometers ..........-..-. 3281) .......4-. Feet 
" ay See oe Hy ERE SA ya anaes din beta’ Miles 
i | he Rewatie aaeeeee I bescsws awe ine yeree = £=————“‘éSfihameetQase/ar: ....... Q8008 -.......... Feet/sec. 
* OP wins Canin cmanaaete | OS: Liters 
i) Man eee 2.832x10".......... Cubicecems, 0 ttt t tees — BUTE cece renee Centimeters/sec. 
" Do ema geae shes Bie ae a: ee rep. B.T. Units/min. 
Cubic feet/second ........ 0.646317.......... Million gals./day ~ageenien | A algae ny 
Ps . Oneness 448.831 .......... hl —( | Atlee ee eee Kg.-calories/min. 
ee CIN oso va bwe-n owe we. eercecseves ne s 
athe: wnbtataaaanee = | iahhieahi: Gaees coubtneters EN ROP RN aa i os Gallons 
“ IY ET eo aes Cubic meters aD Se ivew amen mamee eae ae Cubic inches 
“ pene eae eee Gallons FO oda naee set ee baee | re Cubic feet 
é; WR eee teeeeesees 1.689x10-*.......... Liters NE io sctisdinnset cake 8.281... esos. Feet 
Cubic meters ............ 35.31 Cubic feet nee eee nee e eee 1 Se ncehes 
1 “ “ “ 1.308 Cubic yards i remy ery ert ee RAGE 'n,0-050 040 0.0'0 Yards 
ae --+-Gallons PERE A IEP RET Pe Feet 
beeen eee 10° Liters ihe OEE PR a che OF Wa oS ox tens Kilometers 
Cuble yards .......0s.000% 27 HsacKdons Cubic feet Miles/min 88 ....+..Feet/sec 
" lg PEIN Roe 46.656 ..... .... Cubic inches a ee be keneeenen RS ae Si aie 
Ro a Saeed pi iechtentbiats fA i AN a ote cal 1 +...) 
1 $1 T . Gilet Meenas So Gallons Milligrams/liter .......... 1 mas eee Parts/million 
" = Soaks Beaccaaee , | Re Sar Liters k 
Million gals./day ......... SE 50040008 Cubic ft./sec. 
1 ; 
6 eedebehetets ane — Miner’s inches ........... AE adh chonian Cubic ft./min. 
0 nant teen teeter ee eee 1.771845.......... Grams aici cte is wail 28.349527 VE nae? Grams 
ei PEO Ree REET eS © Ora trains 
oe roe ee ee 6 aa ee ee et pknmcexeiasies rule ee “deses0 ens" Ounces (troy) 
Pe  epeeicineo-sc oes oon yi a ee eT entimeters 
/ n Ounces CAWIA) occ. veces SE. ‘énceveetus Cubic inches 
ihn i se ash pra ivevwscs oe Meeenre me ne ee ee ta Cubic em. 
ok i, Sere J 7a Inches of mercury ae 
se a Parts/million ............ as Bo te Lbs./million gal. 
pa mabe ar ces teesae tae ne eal. wate ace cere BME icseec cass Grains/U. S. gal. 
eee TUTTI, 0108960121555. 5. Atmospheres “ S seereaeeeene SRE vere sn ees Grains/Imp. gal. 
1 oo Sie pa Se Us Oe ks ths «pro Kgs./sq. meter PO, scickin eth sence eee rT apabeae Quases 
a ne ep ee  Bareeerrere. Centimeters/sec. og | TAD ER CR re ewedess we MMMEG. eh pemesee rasns 
ve bh ct Ee ne eee 8 rams 
stacensoensecens 18.29 .......... Meters/min. Oo eericsccccvestheas ME oetss cue roan’ 
Woot-nownds  .....éciccces 1 eee Reeves sa Pe Cherane? units a= 
4 oe chide monte Teer orse-power-hrs. 
" ’ nM... cc. cxect Kilogram meters *Selections from a booklet of—‘Conversion Factors for Engi- 


0.1383 
Ppy er ee eer 3.766x10-7..........Kilowatt-hrs. neers’—distributed by The Dorr Co., New York City. 
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308 WATER WORKS AND SEWERAGE DATA 
Multiply By To Obtain Multiply By To Obtain 
Pounds of water.......... O.08SSR 2.2 csceae Cubic feet Square kilometers ....... + ee Acres 
wi ee ee tae ten RS iss cacdtiled Cubic inches ™ an i Sa Pe : | = Rr = Square feet 
“ ee. ” akeaiahirs EE Sica cakad Gallons - BI ee ey i re: quare yards 
Pounds/cubic foot ....... 0. aneee pedkndmereen Grams/cubic cm. Square meters .......... ; Se Square f. 
oe) a rae pee DME ocsvccouen Kgs./cubic meter r% -. —Saeeneaees Ce eee. quare a 
- e i a neta we 5. 18Isi0- Pet-cneaca Lbs./cubic inch 
I I as bantam RRR PRET Acres 
PURMERIIONE ce visccacees A ee Kgs./meter és. = Su dtadiokbewa SR sé eccsutor Square feet 
Pounds/inch ............. WE. nckokaswud EL OV) ee a el ee eee oe “ey Sober hemes Square Kilometers 
EIS nests. c seb e end abe wnennneee Square feet 
Pounds/sq. foot .......... OED esccnceced Feet of water 6 “ 
Se ee. eheabeeens BED. covnccsaps Kgs./sq. meter “ i. © Saees es 2. 0btein-«,° 77777 Gagaare meters 
Pounds/sq. inch .......... I, ela gaa Feet of water 
1 OS, a. SOR REES Oe ie say ka Inches of mercury Tons (long) ....--.+-+++- i chive: Kilograms 
” — 1) pengiceemhe 0.06804 .......... Atmospheres “ en ee einer ies eal ec Tons (sh 
RI OE a ME) spedeccekes Kgs./sq. meter bias eaten ee ed tle 7 ort) 
I oF on Se SES: Sheets tes OE EER le 
ey re rere Bee. sieved bean eee De.” swiss Cewek Pounds 
a = a " FO ea eed 907.18486 |......... Kilograms 
ne ee seo 7 pt male ” heute fs ne ee Tons of water/24 hrs..... SS. eee. Gallons/min. 
SNS cbse ccs vnksoosee 6. oo kceweks B.T.Units/min, 
SN HE acicenscadsacs RE + p.0eiaucne Oe Square inches Ae en eS SIRE Ay sop cui Foot-pounds/sec. 
“ m+ heusindeetees’s 0.09290 .......... Square meters el ES RCE ADE Foyt I ree Horse-power 
-  ) gaagwapeeneaws 2.296x10-5.......... Acres OUT aii a canatend amie celine tes Oe eee Kg.-calories/min. 
Square inches ..........- ree Square centimeters ME cc ccecaseeaaken ew eae EE. skxseerena Meters 


Velocity and Discharge Diagram for Vitrified Clay Sewer Pipe 


(Courtesy, Clay Products Assn.) 
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DIAMETER IN INCHES 


Assume 12 cu. ft. per sec. as the flow to be handled. The gradient for instance, to be a 0.2 ft. per 100 ft. rum. 
Follow to right from gradient figure 0.20 on left until Q12 dotted line is intersected. The vertical line found at that point 
indicates that a 24 inch sewer is required. Also from the nearest velocity curve V.4 at the intersection it is revealed that 


the velocity will be 3.8 ft. at full or half full flow.) 





VELOC/TY AND 
:DISCHARGE DIAGRAM 


HUTTER'S FORMA. n=.0ll 
Q= DISCHARGE in cub: f¢. per sec. 
=VELOCITY in lin’ ft. per sec. 

Geo.C.D. Lenth 
Consulting Engineer, Chicago. 
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RICHMOND - LOUISVILLE - OLD HICKORY - NEW BRUNSWICK 


anduow J TOPRIEKA 

















Ts — 
i we 
i); ME ro 
rvevcan savings © CIMILAAICAL SAVINGS 
cepo ct L 
& 
Richmond, Va. 
39% less alum = 
50% less wash water 
* 
Louisville, Ky. ® = 
20-30% less alum 
30°% less wash water $3,870 saved in one year through reduced consumption of softening chemicals (exclusive 
2 of alum) and the use of less blow down and wash water on the filters. That's why Topeka, 
Old Hickory, Tenn. | Kansas, considers its Dorr installation of Turbo Mixers, Flocculators and Clarifiers a_ sound, 
0 69: lees ialum self-liquidating investment for softening about 5.25 M.G.D. of domestic water 
e Lime and soda savings aggregated $2479 per year—blow down and wash water 
$1391. Comparisons are made on a 12 month basis—in 1935 before the Dorr installation 
New Brunswick, N. J. : 
and in 1936, afterwards. 
27.2% less alum | Topeka is but one of 92 successful Dorr installations that are paying for themselves 
1.2% less lime | out of chemical and other savings. Typical results from a few other cities appear at the left. 
27.2% less wash water Let a Dorr engineer point the way to similar savings in your own plant. 
. TOPEKA, KANSAS OPERATING DATA* 
Before—I2 mo. After—I2 mo. Saving 
Lime—grains/gol. . . . ...-..- 9.681 9.408 2.82% 
Soda—grains/gal.. . . ...... .248 "184 25.80% 
Wash Water—% total flow. . ... . 1.880 1.070 43.00% 
Blow down—% total flow. . .... . 1.930 1.180 39.00% 
Total chemical cost (incl. alum) per M.G. . $13.59 $11.23 $2.36 
, 7 anne *Courtesy of Mr. Lloyd B. Smith, Commissioner Water Works, 
Dorrco Turbo Mixer at Topeka i Ua and Mr. Daniel H. Rupp, Water Production Engineer, Topeka. 
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THE TRA 


OF PROGRESS 


‘ado BUFFALO 


UST as the parade of advancing civ- 

ilization leads toward more comfort- 
able and healthful living conditions, so 
does progress in purification methods 
advance the aim toward a pure, safe 
water supply. 

Twenty years ago, when Buffalo pur- 
chased its first W&T Chlorinator, the 
art of Chlorination was in its infancy, 
chlorine control equipment was by to- 
day’s standards, crude, and inefficient. 
Today, Chlorination is recognized as the 
everyday need of every water supply 
—and Buffalo, in common with 
thousands of other American mu- 
nicipalities, controls its application 
efficiently, dependably and econom- 
ically with W& T Visible Vacuum 


ee: eee. ee ee. ee ee” ee ae ge ge” te” ae eZ. 


Chlorinators. And so goes the trend 
of Chlorination — yesterday’s obsolete, 
pressure type Chlorinator gives way to 
today’s Visible Vacuum — yesterday’s 
methods of manual control become to- 
day’s automatic operation—leading al- 
ways toward more rigid control of the 
Chlorination process. 

Whatever your water works prob- 
lem may be, you will find information 
and help, together with a pleasant social 
time, in Buffalo at the A. W. W. A. Con- 
vention, June 7th to llth. TheW& T“‘At 

Home”’ sign will be out in Booth Nos. 
52, 53, 54 and 55. Let us show you 
the new types of W & T equipment 
and welcome you there. “‘The Only 
Safe Water is a Sterilized Water.’’ 


WALLACE & TIERNAN COMPANY, Inc. 


Manufacturers of Chlorine and Ammonia Control Apparatus 


NEWARK, NEW JERSEY =-:- 





BRANCHES IN PRINCIPAL CITIES 


% Chlorinators for Water Works—Sewage Plants— 
Swimming Pools—Industrial Plants. 
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1 One of these three WEN ¢ 
* ble Vacuum cr 
tors—from the Rotor, 

ing aslittle as .03 

of chlorine per day. 
2 The Equiscale, feeding | 
* .5 to 12 pounds per day. 
y To the Master Chlorinator, fe 
* as much as 2000 pounds per day, 
be adapted to either manual, semi-+ 
matic control, i. ¢. automatic start 
stop or complete automatic proporti 

chlorine dosage. 
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